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Ma 


LETTER OF TRANSMITTAL 


To His Excellency, ANDREW L. Harris, Governor of Ohıo. 


Sir: — I have the honor to present to you Volume IX of the Re- 
ports of the Geological Survey of Ohio. It consists, First of a Preface, 
dealing with the organization, equipment, legal status, financial support 
and expenditures, and general administration of the Survey and Second, 
of five bulletins which have been prepared and published under my 
supervision, as follows :— 
BULLETIN 4. The Limestone Industry and the Lime Industry of 
Ohio, by Edward Orton, Jr., E. M., and Samuel V. Peppel, 
B. Se. 

BULLETIN 5: The Manufacture of Artificial Sandstone, or Sand- 
Lime Brick, by Samuel V. Peppel, B. Se. 

BULLETIN 6. A Bibliography of Ohio Geology. 

Part I. A subject index of the publications of the Geological 
Survey of Ohio, from its inception to and including Bulletin 
No. 8, series 4. By Alice Greenwood Derby, B. Ph., B. A. 
Part II. A Bibliography of the Publications relating to the 
Geology of Ohio, other than those of the State Geological Sur- 
vey, by Mary Wilson Prosser. 

BULLETIN 7. Revised Nomenclature of the Ohio Geological Forma- 

tions, by Charles S. Prosser, D. Se. 

BULLETIN 8. Salt Deposits and the Salt Industry in Ohio, by John 

Adams Bownocker, D. Se. 

These Bulletins have been issued as fast as they have been prepared, 
in cloth or paper covers as their size required; a portion of each issue 
has been distributed and the balance placed on sale, as provided in the 
law. Their reception, and especially their continued sale, indicates that. 
they meet a real and considerable demand, and that the public will 
support the policy of the State in the preparation and issue of informa- 
tion concerning the State’s natural resources and their utilization. 

These bulletins are now assembled in this volume as provided by 
the law. to bring them into a permanent form in harmony with the 
previous reports of the Survey. 

Very respectfully submitted, 
EDWARD ORTON, JR., 


State Geologist. 
Ohio State University, December, 1906. 
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PREFACE 


THE ORGANIZATION OF THE GEOLOGICAL SURVEY OF OHIO 


The facts relative to the earlier Surveys and the relation which the 
present organization bears to them and to the State have been set forth 
in the prefatory matter of Volume VIII and no reason for restating 
these facts appears, except in so far as may be necessary to furnish to 
recipients of this Volume such general information concerning the Sur- 
vey as experience has shown to be generally needed and demanded. 

The authority under which the Survey is at present conducted is 
found in the Laws of Ohio, Vot. 86, Page 262, which is quoted in full :— 


AN ACT 
To provide for the extension of the Geological Survey of the State 


Section 1. Be it enacted by the General Assembly of the State of Ohio, That 
the governor is hereby authorized to appoint a state geologist, whose duty it shall 
be to continue and extend the investigations already made into the geological struc- 
ture and resources of the state. Said state geologist shall be appointed for a 
term of three years, but he may be removed for cause at any time, and a succes- 
sor appointed in his stead; and the governor is authorized to fill any vacancy 
which may occur from any cause, at any time. The compensation of said state 
geologist shall be at the rate of two hundred dollars per month, for the time actually 
employed; and said geologist shall have power to employ such assistants as he 
may need; but in no event shall the salary of the geologist, pay of assistants, and 
expense of the department, exceed’ the amount of the expenditure authorized by the 
general assembly. 

Section 2. It shall be the duty of said geologist to study, and determine as 
nearly as possible, the number and extent of the various formations of the state; 
to represent the same, from time to time, upon properly constructed maps and dia- 
grams; to study the modes of occurrence and the distribution of the useful minerals 
and products of these formations; to determine the chemical composition and 
structure of the same; to investigate the soils and water supply of the state; and 
to give attention to the discoveries of coal, building stone, natural cement, petroleum, 
gas and other natural substances of use and value to the state. He may also collect 
and describe the fossils of the various geological formations of the state; but no 
expenditure shall be incurred under this head that is not expressly ordered and 
provided for by the general assembly. 

Section 3. The said geologist shall make, on or before the first day in Feb- 
ruary of each year, a report to the governor, covering the work of the preeeding 
year, and the report shall be transmitted to the general assembly, to be printed 
in the same manner as other public documents, or as shall be otherwise ordered. 

Section 4. The salaries of the state geologist. and the assistants employed 
by him, together with the traveling and incidental expenses, shall be paid monthly, 
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on presentation of properly itemized vouchers, signed by the governor, out of the 
state treasury, from the appropriation made for such purpose. 
Section 5. There is hereby appropriated from the general revenue fund the 
sum of one thousand dollars annually, for the purpose above named. 
Section 6. This act shall take effect and be in force from and after .ts 
passage. 
NOAH H. ALBAUGH, 
N Speaker pro tem. of the House of Representatives. 
THEODORE F. Davis, 
President pro tem. of the Senate. 
Passed April 12, 1889. 


Under the authority conferred in this act, the Governor has from 
time to time appointed a State Geologist, and the Legislature has since 
1900 made appropriations of various amounts for the different years. 
They have construed the law above cited as intended to provide for a 
permanent Bureau of Geology, with wide latitude as to its methods of 
work and its duties, but they have not considered the law to necessarily 
limit the expenditures of the state in this direction to the one thousand 
($1,000.00) dollars named in section 5 of the statute quoted. 

Acting under this law, the Legislature has made the following 
appropriations for the support and maintainance of the Geological 
Survey. 


a ee ee re 


| Designation of Legislature. 


! | 

| A t | 

| Year | appropriates, 
| | | 
| , 
| Seventy-Fourth .......... wee | 1900 $2,500 00 
_ 

| 
| Seventy-Fourth ............. | 1901 | $3,500 00 | 
| ee _ 
| 
| Seventy-Fifth .............. | 1902 $5,000 00 | 
| | | 
| Seventy-Fifth .............. | 1903 | $3,000 00 | 
| | | | 

| 
| Seventy-Sixth .............. | 1904 | $2,800 00 | 
| TE BE | 
| Seventy-Sixth .............. | 1905 | $2,900 00 | 
| | | | 
| | | | 
| Seventy-Seventh ............ | 1906 $3,850 00* 
| | | | 
| | | | 
| Seventy-Seventh ............ | 1907 | $5,100 00 | 

| | 


A EEE EEE 


* And balance and receipts. 


The law provides wide latitude as to the purposes for which ex- 
penditures of the funds of the Survey may be made. In general, the 


Vii 


responsibility of determining what work shall be done, and what ex- 
penses incurred in prosecuting it, falls on the State Geologist, but the 
Governor is also made jointly responsible by requiring his approval of 
all expense bills before they can be paid. At the close of this preface, 
an exhibit of the expenditures made since the last published account, 
will be found. (See Exhibit I, Page xxiv.) 


BULLETIN VS. ANNUAL REPORTS 


The duties of the State Geologist under the above statute are so 
broad and various that it becomes a question of discretion as to what 
he shall undertake. It is the sense of all concerned that though manda- 
tory in form, the law is really permissive in intent, and that its pur- 
pose in Section 2 is to define the field in which the State Geologist 
shall work, rather than to insist that he shall be engaged in all of these 
problems all of the time. Section 3, providing for an annual report of 
the operations of the State Geologist has not been complied with, First, 
because of the difficulty of bringing technical researches to a natural 
conclusion at any exact date, and Second, because the whole work of 
the Survey under the present administration consisting of technical re- 
searches, there seemed no sufficient reason for the publishing of a report 
except when a bulletin was ready for issue. The spirit of the law has 
been perhaps fairly met, since in the seven vears since the organization 
of the present Survey there have been printed and distributed eight 
Bulletins, collectively amounting to 1825 pages of technical researches, 
beside the usual official announcements. 

The whole scheme or system of the present organization 1s based 
on the preparation of separate bulletins on any of the various topies 
in the geological and allied technological field. each one a complete 
monograph in itself. These various reports are each prepared by spe- 
cialists in that field. and as the funds available have been small. it has 
not been at any time feasible to command the whole time of such spe- 
cialists, or to insist on the completion of such reports at any special 
date. If the State Geologist were the sole or most important contributor 
to the literature of the Survey, it would be more easily possible to bring 
the work out in annual form. 

The advantages of the Bulletin system over the Annual Report 
system seem so manifold and so great, that it will be adhered te unless 
instructions from above to the contrary are received. Meanwhile, 
whether it would not be better to modify the law in this respect, so 
that the statute and practice shall agree, is worthy of consideration. 


THE GEOLOGICAL CORPS 


The following is a list of all persons who have been engaged in 
the preparation of the Bulletins contained in this volume, or employed 
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in any professional vapacity in collecting information, samples, ete., for 
it, or who are now engaged in similar researches for Bulletins not vet 
published. There are some who have been engaged in the preparation 
of Bulletins previously published whose names are not now carried on 
the rolls. 


EXECUTIVE 
EDWARD ORTON, JR., E. MM... 1... ee eee ee teen e eens State Geologist 
Metra L. SEYMOUR — up to Feb. 1906 (half time).......... Clerk and Stenographer 
Mrs. M. R. McCLELLAND — since Feb. 1906 (full time)...... Clerk and Stenographer 
TECHNICAL 
EDWARD ORTON, JR., E. M... 2... ec eee eee eee eee ern ne State Geologist 


Eeonomie Work on Limestones. 


CHARLES SMITH PROSSER, D. SC........2 2222 ceeecceceeeeesecs Assistant Geologist 
Areal and Stratigraphical Geology. 


JOHN ADAMS BOWNOCKER, N. SC. ...... 0. ccc eee eee ee eee eens Assistant Geologist 
Eeonomie Work on Salt and Coal. 


GEORGE Davis HUBBARD, PH. D......... 2... ccc ce ee ee eee Assistant Geologist 
Preliminary Work on Physiography of Ohio. 


LEWIS GARDNER WESTGATE, PH.D)..............2 0 cece Assistant Geologist 
Areal Geology of the Delaware Quadrangle. 


NATHANIEL WRIGHT LORD, BE. M..... 0... cee cee cee ee eee Consulting Chemist 
Economie Work on Constitution and Utilization of Coals. 


SAMUEL VERNON PEPPEL, B. SC... 0... 0. ccc eens Special Assistant 
Technological Work on Lime and Sand-Lime Brick Industries. 


ALICE GREENWOOD DERBY, B. PH, B. A... ... cc cece eee eee Bibliographer 
Employed in making Subject Index of the Publications of the Survey. 


MARY WILSON PROSSER........ 2.2222 cc ccc cece nee e eee ensues Bibliographer 
Employed in making Bibliography of Ohio Geology and Palaeontology. 


BERTHOLD A. EISENLOHR, M. A... 2... 1. cece cee ee eee e nae Assistant 
Employed in collection of Coal samples. 


EDWARD E. SOMERMEIER, G. PH. 1.0... 0... eee c ee eee ee ee te eee ences Assistant 
Employed in collection and analysis of Coal samples. 


JESSE E. HYDE, M. A... ee ee eee cnet e een enenes Assistant 
Employed in Mapping Pittsburgh and Meigs Creek Coals, 
and in general Stratigraphical Geology. 


CLINTON W. STAUFFER, M. A... .. ee ce et eee nennen nenne Assistant 
Employed in Stratigraphical Study of the Devonian Limestones. 


Of these, those persons designated as Assistant Geologists are all 
engaged in Geology as a profession and their advice and opinion is 
considered in, determining the poliey of the Survey. The other persons 
have been engaged for special service in connection with preparation 
of a Bulletin and their connection with the Survey may be considered 
as a more or less temporary matter. 


ix 


INVESTIGATIONS CONTAINED IN THIS VOLUME AND IN PROGRESS | 
First. The Areal and Stratigraphical Geology of Ohio. 


The elaborate work done upon this topic in the seventies, and pub- 
lished in Volumes I, II and III, of the Survey Reports, was excellent 
at the time, but now needs revision. The work from 1882 to 1894 being 
economic, stratigraphical questions were only studied so far as necessary 
to tracing and classifying mineral deposits, so that the strata of Ohio 
were not classified according to the now accepted schemes, nor correlated 
with those of surrounding states, except where economi: work made 
practical correlation necessary. Geologists from the United States Geo- 
logical Survey, and from other states, were being sent into Ohio in order 
to find what light the rocks of this state would shed upon mooted points. 
in stratigraphical work elsewhere. 

Considerations of state pride as well as scientific enthusiasm both 
urge that this state should carry its own burdens and do its share in 
furthering researches into these purely scientific aspects of geology. 
Accordingly a small appropriation, usually $400.00, has been set aside 
cach year since 1900 for this purpose. 

Professor Charles S. Prosser, B. Se.. Professor of Geology in the 
Ohio State University, was placed in charge of this work in 1900 and 
has been engaged upon it continuously since. At first. he gave but 
little time to Ohio, as he was engaged in completing reports on previous. 
work in Kansas, Maryland and New York. These being finally cleared 
away, he has given more and more of his time to Ohio. The current 
year, 1906-07, he has been released from University duties on leave of 
absence, and is devoting nearly his entire time to bringing his work 
into shape for publication. Bulletin 7 contained in this volume, is the 
first article from him to appear in this series, but a Bulletin of con- 
‘ giderable size will undoubtedly be ready during 1907. 

In addition to Professor Prosser. other work in this field has been 
begun by others, under his general supervision. The most important 
step in this direction is the employment of Professor Lewis G. West- 
gate, Ph. D., Professor of Geology in Ohio Wesleyan University at Dela- 
ware, Ohio, to undertake the mapping of the Delaware quadrangle. The 
completion of the Topographic Survey of Ohio in one-third of the quad- 
rangles of the state and the rapid prospective completion of many more, 
brings home the question of what attitude shall be maintained in Ohio 
towards the accurate areal mapping of the Geological formations. 

The United States Geological Survey cannot be expected from their 
own resources to accomplish any important portion of this work in the 
several states for many years to come. With the topographis maps in 
vast. areas barely begun, it does not seem that they may be expected to 
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make geological maps in more than occasional isolated areas, to serve 
as samples of the methods and standards they desire to maintain. This 
thev have done in Ohio and in several of the eastern states. 

Meanwhile, if progress is to follow the completion of our magnifi- 
cent topographic map of Ohio with reasonable promptitude, it will be 
necessary for us, as it has been with several of the eastern states, to 
begin for ourselves to make areal geographical maps, using the new 
topographic maps as the basis. This work will he costly and slow, but 
it is the consensus of opinion in the Geological Corp of the Survey that 
a beginning should be made. In time. when the stratigraphy has been 
well worked out and published, it may be possible to employ a number 
of mappers each summer and to publish several quadrangles each winter. 
But for the ¢urrent year, it was decided to put but one man in the 
field. and proceed slowly with the work until a system has been evolved 
which meets general commendation among geologists. 

In this connection, a number of very intricate questions arise as 
to how much in detail this work shall be and how minute divisions 
stratigraphieally shall yeceive symbols in the coloring and drawing of 
the maps. The work of the United States Survey furnishes .examples 
of rather wide divergence in different parts of the country, but in gen- 
eral is taken as the type or standard by the states doing most in these 
lines. It will be the policy of the Ohio Survey to do what it does so 
thoroughly that there will be no oceasion for any subsequent reworking 
of the areas covered. and to do the work as far as it is done at all, in 
the very best style. 

The employment of Messrs. Stauffer, Hyde. and possibly others in 
the near future. brings in another step in stratigraphieal work. These 
gentlemen have taken up the detailed study of some one problem or 
other in Ohio geology of their own initiative and have worked out re- 
sults of importance. On the recommendation of Professor Prosser, as 
head of this division. I have undertaken to extend them some small 
assistance towards the completion or extension of their work, either in 
allowing travelling expenses, or publishing expenses, or in some similar 
way. No salary has been paid them. in any case, for these voluntary 
researches, but eneouragement has been given them to go on. where 
thev had already shown results of distinct value. 

By pursuing this policy, the amount of literature of stratigraphical 
nature is likely to be increased considerably over what Professor Prosser 
could by himself produce. but in quality. the standard can be main- 
tained at the very highest point. 

Second. The Limestone Resourses and Limestone Industry of Ohio. 

The preparation of a Bulletin on the limestone resourees was under- 
taken in the beginning only in connection with the Bulletins on the 
Manufacture and Use of Hydraulic Cement. As work progressed. it 
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became evident that the report could hardly separate the consideration 
of limestones for that purpose from limestones used for other purposes. 
as the same stone was often available for each. This brought up the 
necessity of studying the total limestone resources of the state and a 
revision of the excellent reports published on them in 1888. by Dr. 
Orton. 

‘While engaged in this study, the lack of data on the technological 
“side became more and more apparent and attention was given to this 
phase until finally, the book which is comprised in Bulletin 4 presents 
a view of the resources of limestone, their uses, and the process of pre- 
paration, which is probably as useful and important in its way as the 
Cement Bulletins, to which it was originally designed to act as a com- 
plement. 

The first four chapters of Bulletin Four were prepared by Edward 
Orton Jr., and S. V. Peppel jointly. and deal with the oscurrenee. 
‘sampling and composition of the Lime resources. Chapters 5 and 6 
are on the technology of the Lime Industry and are by Mr. S. V. Peppel 
alone. 


Third. The Sand Lime Brick Industry. 

This topic was also taken up in connection with the work of Bulletin 
4, as it could be done easily in connection with it. The industry 1s a 
new one in this country, but has become well established in (rermany, 
where upwards of one hundred plants are in su2cessful operation. By 
this process, building brick of good grade are made from sand into which 
5 to 10 per cent. of caustic lime has been thoroughly mixed. The 
mixture is shaped into bricks in powerful presses, and these are hard- 
ened in an atmosphere of steam for ten hours or more at high pressure. 
The process invites not only the use of lime on a large scale, but also 
opens the way to a still larger use for sand. 

Mr. Samuel V. Peppel was also placed in charge of this work and 
has prepared a very excellent report on the subject. which appears here- 
with as Bulletin 5. 

Bulletins 4 and 5 have been bound in one cover, as they are upon 
cognate subjects, and Bulletin 5 is of itself too small to make a per- 
manently bound bulletin by itself. 


Fourth. Bibliography of Ohio Geology. 

It is the aim to present to the publie in this Bulletin a thorough 
analytical statement of what has been done by the various individuals 
and organizations which have represented the Geological Survey of Ohio 
since the State first took up this branch of its duties, or who have 
written elsewhere on the subject of the Geology of Ohio in any of its 
numerous phases. It is, of course, realized that no such work is ever 
-entirely complete. and in the nature of the case cannot be made so. but 
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it is believed that the present work covers in its two branches all of 
the most important contributions in this field. 

The purposes served by a bibliography are in general well known. 
but it is probably not realized by the average reader how exceedingly 
important this branch has become in all lines of scientifiz. historical: 
or literary research. The constant and increasing subdivision of knowl- 
edge, the enormous increases in book-making and book cireulation and 
the unparalleled number of persons entering into research. make im- 


provement in our systems of classification and storing knowledge one: 


of the vital necessities of our day. While a library is of the greatest 
value as a storehouse or receptacle of knowledge. yet it is well nigh 
valueless unless it is well indexed. Further, the indices must be several, 
from different systems of classification — subjects, titles, authors, ete. 
Indices are to a hbrary what the ledger is to a commercial company. 


Without their assistance, the investment would be well nigh worthless. 


and certainly unprofitable. 
Besides the general reasons in favor of the making of bibhographies, 


as a means of extending knowledge, there are special reasons why this. 


work should be done in Ohio by the Geological Survey. As is well 
known, the early volumes of the Survey were published in large num- 


bers, and distributed through the General Assembly. But. in all this. 


lavish expenditure of expensive printing, there was no systematic effort 
made to see that copies of the reports were placed in the libraries of the 
cities and towns of Ohio, or in the libraries of Ohio schools and colleges ; 
still less was done in the way of securing systematic exchange with 


the Surveys of other states and foreign countries. As a result, some- 


iarge and well endowed libraries have complete sets of our publications, 


which they have secured chiefly by purchase from private owners;. 


smaller and unendowed libraries more often have broken sets. secured 
by donation, but which they have not been able to complete; while 
the vast majority of small libraries, both in Ohio and over the country 
eenerally, especially those of recent establishment, have only odd vol- 
umes of our publications or none at all. 

It is now too late to remedy the damage done by the wasteful 
system of free distribution of these reports; the total known supply 


row held for sale among second-hand book-dealers and collectors is. 


very small; reprinting would be too costly to be seriously considered. 

But one thing remains to be done —if the old reports cannot be 
furnished to the libraries, at least a complete statement of what they 
contained can be furnished so that scholars who desire to search the 
literature of the Survey can at least find in advance whether it contains 
any articles or references to the points they are looking up. The modern 
system of library exchanges, by which one library can borrow from 
another a volume for temporary use, thus enables a scholar to obtain 
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a copy of whichever one of our publications he may need, and to refer 
to it with precision and certainty, while without this bibliography he 
could only become aware of this fact by obtaining access to a set of 
cur publications and himself studying out their contents. 

The bibliography may then be regarded as an up-to-date feature 
of Geological Survey literature, which is well worth having on its own 
asecount, but which owing to the peculiar situation of the Geological 
Survey of Ohio in regard to its literature is for us doubly necessary 
and important. In fact, it is the one and indispensable thing which 
can be done to remedy a bad situation so far as it may be remedied. 

The work of preparing this matter was given to Miss Alice G. 
Derby, who has taken training for library work. As originally intended, 
the Bulletin would only cover a subject index of the Ohio Reports. 
When this was partly done, Mary Wilson Prosser (Mrs. Charles F. 
Prosser) voluntarily offered her list of publications bearing on Ohio 
Geology, which she had been collecting for her husband’s use. Her 
generous gift was accepted and she was given some time and some 
slight assistance to go on and make her list as complete as possible in 
the limited time available. This was done, and adds very greatly to 
the value of the Bulletin, to which it is added as Part II. 


Fifth. The Salt Industry of Ohio. 

This subject was taken up by Assistant Geologist Bownocker during 
the summer of 1903. The discovery and utilization of the rock salts of 
northern Ohio has all been subsequent to the report by W. J. Root in 
1888, and the development of a growing soda-ash industry on this foun- 
dation is the immediate occasion for taking it up at this time. Ohio 
with her stores of lime, sand and fuel, has only needed soda to become 
a great center of the vlass industry. This supply has now become a 
possibility. The report appears herewith as Bulletin 8. 

Besides these imwestigations, which are completed and bound to- 
wether in this volume, there are a number not yet completed and some 
just begun which should be mentioned at this time. 


Sixth. The Chemical Character of Ohio Coals and Notes on Their 

Proper Utilization. 

This work was undertaken by Professor Nathaniel W. Lord. E. M., 
Consulting Chemist of the Survey, and Professor of Metallurgy in the 
Ohio State University, who has done a great deal of important work 
along this line in other connections. The coal veins studied so far com- 
prise the No. 4 or Clarion (Ferriferous limestone) coal of Vinton, Jack- 
son, Gallia and Lawrence counties, and the No. 6 or Middle Kittanning 
coal, which was sampled with unprecedented care at frequent intervals 
over its whole area between Athens and Tuscarawas counties. There 
vet remains the extreme northern and southern extensions of the No. 
6 coal to be sampled. but the work now done covers the main productive 
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area. These researches are directed towards establishing the chemical 
unity of real coal-matter of any particular vein, as distinguished from: 
its accidental or accessory ash-forming ingredients, and also the sharp: 
distinction between the real coal-matter of different veins, as evidenced 
by the composition, calorific power, ete. His work also includes a study 
of the occurrence of sulphur in coals, and to what extent it may be 
reduced by treatment. | 

Preliminary reports on part of this work have been published. by 
permission, in the engineering press. It is expeeted that a preliminary 
report will be printed in the near future, but the eompletion of the 
work for all the coals of the state is still a distant matter. 


Seventh. The Pittsburgh Coal in Harrison County and the Meigs Creek 

Coal in Harrison, Jefferson, and Belmont Counties. 

Almost the only coal areas left unmapped in the work of the pre- 
vious survey are those veins found in the high broken land of south- 
eastern Ohio. The recent sudden increase in interest in the thin veins 
of coal, located some distance away from present railroad comniunica- 
tion, has led to a very considerable inquiry for maps of this unmapped 
area. Accordingly Professor John D. Bownocker was detailed to make 
as careful a study of the field as the quality of the maps of that terri- 
tory now justifies, and put it in shape to meet the present need. The 
maps of this area were usually of poor character, and therefore it was 
thought to be unwise to now attempt to map the area with the same care 
and completeness that should be given to it later, when with the new 
topographic maps of the United States Geological Survey as a basis, 
the final areal and stratigraphical map is prepared. The topographic 
survey by the United States Geological Survey was started however be- 
fore this mapping was begun and by request, the early surveying opera- 
tions were concentrated in southeastern Ohio, so that it has been possible 
in some sections to avail themselves of the new maps with great profit. 
This work has been carried on in the summers of 1904 and 1905. Noth- 
ing was done in 1906, but the work will be resumed and completed in 
the coming summer (1907) and will probably be available for distribu- 
tion in the winter of 1907-08. 

Eighth. The Physiography of Ohio. 

While the earlier surveys of Ohio have given some considerable 
knowledge of its surface features, and while much has been published 
by various persons concerning the causes of the topography of the 
state, the fact remains that there is no really comprehensive or adequate: 
discussion of the subject from the point of view of the modern physical 
geographer or physiographist. This science has made brilliant progress: 
in the last 10 years, and with the aid of its search-light, many things 
formerly unintelligible to the public can be made clear and of fasvinating 
interest. 
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The call for work in this line comes chiefly from teachers of 
Physical Geography in the secondary schools. They need a treatise 
of higher grade than the Physical Geography which they are called 
upon to teach, but they cannot be expected tu search the whole litera- 
ture of geology to find it. To meet this need primarily and ultimately 
to take up still more advanced and detailed studies of the causes which. 
have led to the present configuration of the surface of the state, a 
preliminary study of the Physiography of Ohio was authorized and 
Professor George D. Hubbard, Ph. D., of the Ohio State University was 
detailed to begin upon it. Professor IIubbard was only able to give 
about 6 weeks to it during the summer of 1906. A similar period in 
1907 will possibly allow the preparation of a bulletin for the use of 
teachers of physical geography during the winter of 1907-08. The taking: 
up of more detailed studies in glacial geology will naturally follow the 
extension of this work, and will furnish a stimulating field for graduate 
work in geology in the various colleges of the state. 


PUBLICATIONS 


The Survey has existed under four more or less clearly marked 
organizations, each of which have issued reports and other publications. 
The history of these various organizations is given in earlier volumes 
of this present series of reports (fourth), and need not be repeated here. 
The facts as to the publications and how to obtain them, and the legal 
provisions by which their preparation, and distribution is at present 
controlled, are given herewith. The work performed by the various or- 
ganizations of the Geological Survey of Ohio is comprehended in the 
following list of publications: 


FIRST GEOLOGICAL SURVEY 1837-1838 


ie (a 














Number u No. of 
Title of Volume. pateot | 5 pote care Premed, Geologist in Charge. 
ee a PP 
First Annual Report........... | 1838 134 5,000 W. W. Mather 
Second Annual Report......... | 1838 236 5,000 | W. W. Mather 








These volumes are out of print and rare. They can only be pro-- 
cured from dealers in second-hand libraries and are difficult to obtaim 
even there. 
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| 





Preliminary Report on Petro-! 


leum and Inflammable Gas| 1886 16 | 2,500 Edward Orton 


xVvi 
SECOND GEOLOGICAL SURVEY 1869-1888 
. . | Date of Number Number x . . . 
Title of Volume. | Issue. Pos. of Copies Geologist in Charge. 
Report of Progress......... 1869 | 176 14,500 | J. S. Newberry 
Report of Progress......... 1870 568 | 14,500 | J. S. Newberry 
Report of Progress......... 1871 3 400 J. S. Newberry 
Geology of Ohio, vol I, part 
I, Geology ............... 1872 | 680 20,000 J. S. Newberry 
--Geology of Obio, vol. I, part | 
II, Paleontology ......... 1873 | *401 +49 | 20,000 | J. S. Newberry 
Geology of Ohio, vol. II, part | 
I, Geology ............05. | 1874 ! 701 | 20,000 | J. S. Newberry 
‘Geology of Ohio, vol. II, part| 
II, Paleontology ......... | 1875 | *431 +459 | 20,000 | J. 8. Newberry 
‘Geolo of Ohio, vol. III, | 
Geology ........0.ceeeeee 1878 | 958 | 20,000 | J. S. Newberry 
Geological Atlas of Ohio..... 1879 | 5,000 | J. 8. Newberry 
‘Geology of Ohio, vol. IV, | 
Zoology and Botany....... 1882 | 1,070 20,000 J. S. Newberry 
Geology of Ohio, vol. V, Eco- | 
nomic Geology ........... 1884 | 1,124 | 10,000 Edward Orton 
| 
| 
| 





‘Geology of Ohio, vol. vi 
Economic Geology ........ 1888 $31 15,000 Edward Orton 
| . 
* Pages. + Plates. 


These volumes were all distributed at the time of their issue. The 
State retained no stock for meeting future demands, so that no copies 


-of any of these volumes can be obtained from the office of the State 


Geologist. They can be bought in many second-hand book stores, and 
from dealers in old libraries, at prices ranging from a few cents to two 


-or three dollars per volume, according to rarity and demand. Volumes 


V and VI are the rarest and most sought for. 


eee ee -—— u = — = = — 





Number Number 
Title of Volume. Date of mer | Copies | Geologist in Charge. 
. . Pages. | Printed. 
Se nn Te 
I 
First Annual Report.......... i 1890 |! 323 | 10,000 Edward Orton 
‘Geology of Ohio, vol. VII, part! | 
I, Economie tieology........ | 1893 I 290 | 2500 ! Edward Orton 
Geology of Ohio, vol. VIT, (com-' ' | | 
plete ineluding part I)...... 1894 ! 970 17500 . Edward Orten 
t | 


i ee - - - _- eee "m ee ke we ee 


These volumes were all distributed at the time of issue. except 
Vol. VII. of which 1,500 were put in the hands of the Secretary of 
State. for sale at the cost of publication. Of these. a few remain at 
the date of the publication of this volume. The price is $1.50. To 


-obtain copies. send postal or money order to the Secretary of State, 
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State House. Columbus. Ohio. No other volumes can be obtained from 
this source. 

The other volumes of this series can be procured only from second- 
hand book and library dealers. 


FOURTH GEOLOGICAL SURVEY 1899- — 











Tite of Vol Date Xo. of Number | Pri | fh 
: . ! oO . 7 ogist 1 & . 
1 o olume ' A primes | rice | Geologist in Charge 
— ____| Im Lim — ——_— —— — m  —— 
RE war 
Bulletin 1—Oil and Gas..... 1903 | 320 | 8,000 — $0.65 | Edward Orton, Jr. 
| 1 
| DEE VE EEE 
| | | | 
Bulletin 2—Uses of Cement... 1904 , 260 6.000 0.30 | Edward Orton, Jr. 
a __._._._I _L_._._ 
| | | | 7 
. f Manufacture of | | 
Bulletin3 ° Cements ..... | 1904 | | 4000 | 0.50*! Raward Orton. Ir. 
| | a | 
I 


. Limestones and, 
Bulletin 4 | Lime nn | 1006" 305° Am} 


| 

| i 

! los | Edward Orton, Jr. 
| 


Bulletin 5—Sand-Lime Brick.' 1906 I 79, 4,000 


— —_—_ - — - _- —_ — ~ 


Bulletin 6—Bibliography..... 1906. 332 3.500 0.55 + Edward Orton, Ir. 
| 


Se EE 
SY 


Nomenclature of | ' | 
Bulletin 7 Geological . 10051036 ° 3,500 0.06 Edward Orten, Jr. 
Formations ' | ' . 
Salt Deposits ° i =I. bog 
Bulletin 8 { and Salt In-: 1906 ' 42: 3,500) 0.06 ' Edward Orton, Jr. 
| dustry ....... | 
| I I | 1 
| 
to i | 
Volume VIIIL ............ ı 1906 1996 ° 1,000 'not sold‘! Edward Orton, Jr. 
| | | ) ' 
i ee | 
) | ) ) u ST m 
Vol IXF ........222cee200. | 1906 ı 886 I 1,000 not sold! Edward Orton, Ir. 
| | | | 





* Sale issue exhausted. nn 

? Composed of Bulletins 1. 2 and 

+ Composed of Bulletins 4, 5, 6,7 anil N, 

These volumes are distributed or sold by the State Geologist. under 
the provisions of the following law. The expenses incurred for publi- 
eation during the earher surveys. and the entirely unsatisfactory situa- 
tion as to their distribution made a new system strongly desirable. and 
the present statute was framed to give a system which should provide 
Ist. all reasonable needs of the members of the Legislature and State 
Library: 2nd. all reasonable needs of the State Geologist. for exchanges 
and complimentary copies, present and future: 38rd. a sufficient surplus 
to be sold at cost of publication, so that any person interested in such 
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matters could easily secure a copy; and 4th, a supply in permanent form 
for use of libraries, schools, and geological organizations. 


Laws of Ohio, 1902, Vol. 95, p. 593. 
AN ACT 
To provide for the publication and distribution of the reports of the State Geologist. 


SECTION 1. Be it enacted by the General Assembly of the State of Ohio, 
That whenever the state geologist shall have completed a bulletin upon any of the 
subjects upon which he is authorized to conduct investigation, he shall notify the 
state printing commission of this fact, and it shall be the duty of this commission 
to determine the number of copies which shall be printed, and the grade of paper, 
the kind of binding, and any other details incident to its proper publication. 

SEcTION 2. It shall be the duty of said commission to provide for the publi- 
cation of said bulletin as soon as possible after the completion of the same. The 
issue shall consist of a minimum number of three thousand copies. 

Of these, one thousand copies, after deducting 200 for the State Library, shall 
be distributed pro rata among the gencral assembly. 

One thousand shall be distributed free by the state geologist in exchange with 
other surveys, and with individuals whose services have been used in the collec- 
tion or preparation of the matter for the bulletins. Of this number not more than 
four hundred may be distributed during the first year after publication, and not 
more than fifty in any subsequent year. 

One thousand copies shall be set aside for binding along with other bulletins 
from time to time, when a sufficient number of such bulletins have accumulated to 
make collectively a volume of from 800 to 1,000 pages. They shall be bound, 
lettered and numbered, to take their place in the series of volumes already published 
by the survey. 

The distribution of the bound volume of the survey shall be in the hands of 
the state geologist; but the state library shall receive ten copies, each member 
of the general assembly one copy, with privilege to draw not to exceed two other 
copies on application, and public libraries in the state shall be supplied with one 
copy each. The volumes remaining after these demands have been met, may be dis- 
tributed among the geological surveys and geological societies of the United States 
and of foreign countries in exchange for their publications. 

SECTION 3. The board may, at its discretion, order the publication of extra 
copies in addition to the three thousand already provided for. These extra copics 
shall be placed in the hands of the state geologist. From these members of the gen- 
eral assembly may, on application, draw up to fifty (50) copies each. Those re- 
maining shall be placed on sale at a price equal to the net cost of printing and 
binding, which price is to be established by the state supervisor of public printing. 
The proceeds of such sales shall be accounted for and paid into the state treaury, 
and the state geologist shall be required by the commission to give suitable bond 
tor the security of the funds thus passing through his hands. The proceeds of such 
sales shall be accredited to the account of the geological survey and shall be used 
for the prosecution of the further work of the survey without distinction from other 
funds which the general assembly from time to time appropriates for the survey. 

SECTION 4. The cost of printing, illustrating, electrotyping, binding, et cetera, 
of said bulletins and said volumes, shall be paid from the general appropriation for 
state printing. 

SEcTION 5. This act shall take effect from and after its passage. 

W. 8S. McKıxxox, 
Speaker of the House of Representatives. 
F. B. ARCHER, 
Passed May 12, 1902. President of the Senate. 
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This law has now been in operation for over four years, during 
which time a considerable amount of business has been transacted 
under it, with great satisfaction to all eoneerned. The following table 
shows the number of each of the Bulletins of the Survey now on hand 
and the disposition which has been made of those already sent out. 


DISTRIBUTION OF PUBLICATIONS OF SURVEY 








Bull. 4-5) Bull. 6 Bull. 8. 
































Designation of Publication. | Bull. 1 | Bull. 2 | Bull. 3 Bull. 7 
| | | 
Number Received from State! 
Bindery ..............000- 9,187 | 3,922 | 1,920 | 1,802 | 1,451 | 2,183 | 1,496 
| | | | 
Number drawn by State Gevlogist| 
for Exchange ............. | 450 | 500 | 450 400 400 450 400 
Number on hand, in reserve, for! | 
future exchanges .......... 1 950 | son | 550 600 600 550 600 
Number Sold ................. 440 11,589 | $46 110 | .... 346 25 
Number drawn by members of | 
Legislature from sale issue. | 250 1109 | 131) .... 16 2 
Defective copies ..............1 2... | QT... | 2 lern. 
Used for office purposes........ lo. rr N u BE 2 |) ..... 
Lost, and stolen.............. | 13: Wy Plo... a ee 
Balance on hand for sale....... | 4084 | 1,205 | waa | 687 451 ! 819 469 
Total ..............000. | 5,787 | #28 | 1,920 | 1,802 | 74 BR | 1,496 
' | 


Beside the Bulletins. of which a certain proportion are placed on 
the market for sale. and of which it is therefore necessary to keep a 
strict account, the Law provides in part for the distribution of the 
large reports designated by volume numbers. 

Volume VIII. composed of Bulletins 1, 2, and 3 was the first one 
to be published under the present organization. The following table 
shows the present status of this report. 





Total number received from State Bindery............ 946 
Distributed to members of the 77th General Assembly, 
2 copies each, and state oflieials............. 326 
State Library ........... 0.0.2 cece eee ee 10 
Public Libraries located in Ohio.............. 13 
Libraries of Sehools and Colleges in Ohin........ 74 
Distributed to private individuals, on request... . 25 
308 
Total in stock, Devember Ist, 1906.22222222... 438 

-- — 946 


STORAGE AND CARE OF PUBLICATIONS 


In July. 1906. the President of the Ohio State University set apart 
in the basement of Orton Hall. a room 12 feet x 20 feet for the exelu- 
sive use and eontrol of the Survey for storage purposes. This room 
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is kept carefully locked: in this room the publications of the Survey 
are received, cased, boxed and stored. Each book is put up in an 
envelope, if unbound, or mailing case, if bound, and these cased vol- 
umes are stored in wooden boxes, on which the lids are nailed. Each 
wooden box is carefully labelled so that its contents may be instantly 
known, and whether it belongs to the sale edition or whether it is a 
part of the legal reserve held for future years’ distribution. The neces- 
sity of such careful treatment is apparent from the fact that in spite 
of all precautions, nailed boxes of the Survey's books have been broken 
open and volumes abstracted on several occasions, before the present 
locked quarters were assigned. 


PROPOSITION TO BUY AND SELL VOLUMES 


There remains one eause for dissatisfaction in the present system 
of the handling of the publications of the Survey. The older reports 
published by the first and second organization are not now available 
from any official source, as the whole issue of each was distributed prac- 
tically all at once, with no reserves for future exchange purposes. Thus 
it happens that the State of Ohio, having spent vast sums for the geo- 
logical work of these two organizations is not able to give or exchange 
or sell a single copy to another state or foreign country or individual 
that desires to obtain one. 

The third organization witnessed a similar disposition of its first 
report (1890) but when Vol. VII came out, a provision was inserted 
in the law placing 1.500 copies in the hands of the Secretary of State 
to be sold at $1.50 per copy. This clause has saved this volume from 
sharing the profitless extinction which all earlier reports have undergone 
and at this writing (Dec. Ist. 1906) there are still about 200 copies 
of Vol. VII in the hands of the Secretary of State available for sale. 

The only method by which a copy or set of the older publications 
can now be procured is by purchase among the second-hand book stores 
of the country. There is still a small supply which can be obtained in 
this manner. 

It is a reproach to Ohio that this condition exists and the. plan 
defined in the following joint resolution, which has passed the Senate 
and is now pending before the House of Representatives of the 77th 
reneral Assembly, has been prepared as the best corrective which can 
be now arranged. | 


SENATE JOINT RESOLUTION NO. 33. 


MR. LAUMAN. 


Authorizing the State Geologist to buy and sell copies of the early publications of 
the Geologieal Survey of Ohio. 


WHEREAS: The early publications of the Geological Survey of Ohio from 
1838 to 1890 were all distributed to the public at the time of their issue and there 
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is now no official souree from which persons desiring to procure copies of these 
early reports may obtain them, either free or at a price: and 

WHEREAS: There exists a constant call from libraries, geological surveys in 
other states and foreign countries, geologists, institutions of learning, and persons 
engaged in developing the mineral industries, for these early reports, especially for 
Volumes V, VI, VII and the Report of 1890: and 

WHEREAS: The public is unable to now easily secure copies of the older re- 
ports of the Geological Survey, and is thus unable to reap the advantages which 
the large expenditures for gological work made by the state between the years 1870 
and 1893 would properly lead them to expect, and the Geological Survey is thus 
brought under condemnation for matters over which it has no control: therefore 
Be it Resolved by the General Assembly of the. State of Ohio: 

SECTION 1. That the State Geologist is hereby authorized to use from the 
funds of the Geologieal Survey of Ohio in his hands, and derived from the sales of 
the fourth series of publications, as prescribed in the Laws of Ohio, Vol. 95, Sec. 3, 
or an act entitled ‘‘An act to provide for the publication and distribution of the 
reports of the State Geologist,’’ passed May 12th, 1902, a sum not excceding five 
hundred ($500.00) dollars, for the purchase of second-hand copies of the publica- 
tions of the Geological Survey of Ohio, issued prior to 1894: for the cost of their 
shipment, repair, storage, repacking and general care. 

SECTION 2. All publications acquired by the State Geologist under Section 1 
of this resolution shall be distributed by sale only, and the price at which each 
separate publication shall be sold shall be fixed by the State Geologist at an 
amount which shall corer the cost of its purchase, repair, storage and shipment to 
the end that neither profit nor loss shall acerue to the state in the transaction. 

SECTION 3. All money received from the sale of the old publications of the 
Geological Survey of Ohio as described in Section 2 of this resolution shall be 
retained under the charge of the State Geologist, for use in purchasing and caring 
for other copies to replace those sold from time to time, except that once each 
year an inventory of the old publications shall be taken, and if their inventoried 
value together with nioney on hand belonging to this fund, shall together exceed 
five hundred ($500.00) dollars, then sueh excess shall be paid into the state treas- 
ury as provided in section three, of an act passed May 12th, 1902, entitled ‘‘An 
act to provide for the publieation and distribution of the Reports of the State 
Geologist.'’ Laws of Ohio, Vol. 95. 

SECTION 4. The Secretary of State is hereby directed to turn over to the 
State Geologist all copies of Volume VII, Geological Survey of Ohio, now remain- 
ing in his hands unsold, and take the receipt of the State Geologist for the same, 
and the State Geologist shall then place on sale all copies so received, at one dol- 
lar and fifty cents ($1.50) per volume, and the proceeds therefrom shall be paid 
into the state treasury as provided in Section 3 of this resolution: to the end that 
the purchase, sale and distribution of the reports of the Geological Survey of Ohio 
shall be concentrated in the hands of the State Geologist. 

Section 5. That so much of an act passed February 27, 1894, entitled ‘‘An 
act to amend Section IV of an act entitled ‘An act to provide for the publication 
of Volume VII, Geology of Ohio,’’ Laws of Ohio, Volume 91, page 39, as is in 
conflict with Section 4 of this resolution is hereby repealed. 


* * %* * * 


This resolution if adopted, as now seems highly probable. will en- 
able the State Geologist to accumulate a considerable quantity of copies 
of all the geological reports printed by the State during the former 
organizations which he can at least furnish to libraries. geolowical 
surveys, geologists and the interested publie in general at as reasonable 
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a price as possible. The State Geologist will become the sole official 
source to which to apply for geological literature and the present dual 
responsibility between him and the Secretary of State, which leads to 
constant unnecessary delays and correspondence, will be done away 
with. While the proposed plan is far from ideal, it is at least the best 
that can be done without a republication of the old reports, which is a 
step which could not be justified or seriously proposed. 


LIBRARY OF THE SURVEY 

In Vol. VIII, a statement of the need of a geological library was 
set forth, and the causes which had prevented any large accumulation 
of geological literature up to that time were explained. The law passed 
by the 76th General Assembly, providing a means for creating a deposi- 
tory for the Survey’s library and the subsequent action by the Board 
of Trustees of the Ohio State University was given in full. 

Since that time, some progress has been made. In the summer of 
1906, a room was set aside in Orton Hall, under the care and super- 
vision of the librarian, for the exclusive use of the Geological Library 
of the University. Into this room, the library of the Survey, and the 
library of the geological department of the University has been taken, 
where both are accessible to students of Geology, under the terms of the 
contract existing between the University and the Survey. The equipping 
of this Geological Library is of great importance to the Survey and will 
undoubtedly stimulate the work of collecting exchanges. 

The books, pamphlets, maps, etz., collected since 1900 have now 
been accessioned and comprise 151 bound volumes and 1,009 unbound 
publications of all sorts. 

OFFICE 

The President of the University has also set aside an office in Orton 
Ilall for the exclusive office of the Geological Survey. Into this room, 
the desks, safe, filing cases and card indices, cases for volumes awaiting 
distribution and other office paraphernalia have been moved and the 
work of the Survey has been materially facilitated in consequence. 


THE SURVEY IN ITS RELATION TO THE PUBLIC 

The usefulness of the Survey is not limited to the preparation of 
formal reports on important topics. There is a constant and insistent 
desire on the part of the people to use it as a technical bureau for free 
advice in all matters affecting the geology or mineral industries of the 
State. A very considerable correspondence comes in, asking all sorts 
of questions on general as well as local geology, and indeed questions 
far outside of the proper field of geology. 

The volume of this correspondence has made it necessary to adopt 
some sort of svstem in dealing with these requests. Not all of them 
can be granted, but many can be answered and are always. assisted 
where possible. There is a certain element of justice in the people 
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demanding such information, from the fact that the geological reports 
issued in former years were not so distributed as to make them accessible 
to the average man or community today. The cases commonly covered 
by correspondence may be classified as follows: 

ist. Requests for information covered by previous publications.— 
This is furnished where the time required for copying the answer is not 
too large. Where the portion desired cannot be copied, the enquirer is 
told in what volume and page it occurs and advised how to proceed to 
get access to a copy of the report. 

2d. Requests for identification of minerals and fossils.—This is 
done, where possible. As a rule, the minerals and fossils are simple and 
familiar forms, which can be answered at once. In occasional cases, a 
critical knowledge is required and time for investigation is necessary. 
Each assistant is expected to co-operate with the State Geologist in 
answering inquiries concerning his field. 

3rd. Requests from a number of persons representing a diversity 
of interests, who jointly ask the Survey to examine into and publicly 
report upon some matter of local public concern.—Such cases are not 
common. It is not always easy to determine whether such propositions 
are really actuated by public interest or not. Each case must be Judged 
on its merits. The Survey will often be prevented from taking up such 
investigations by the lack of available funds, when otherwise the work 
would be attempted. The reputed discovery of gold is one of the most 
prolific sources of such calls for State examination. It usually seems 
wise and proper to spend a small sum in preventing an unfounded 
rumor from gaining acceptance in the public mind, before it leads to 
large losses, and unnecessary excitement. The duty of dispelling illu- 
sions of this sort cannot be considered an agreeable part of the work of 
the Survey, but it is nevertheless of very direct benefit to the people 
of the State. 

Ath. Requests from private individuals for analyses of minerals 
and ores, and tests to establish their commercial value.—Such requests 
are the most frequent calls made on the Survey. They cannot be granted, 
however, except in rare instances. Such work should be sent to a com- 
mercial chemical laboratory. The Geological Survey is in no sense a 
chemical laboratory and testing station, to which the people may turn 
for free analytical work. Whatever work of this sort is done. is done 
on the initiative of the Survey and not at the solicitation of an inter- 
ested party. 

The greatest misapprehension in the public mind regarding the 
Survey is on this point. Requests for State aid in determining the 
value of private mineral resources, ranging from an assay worth a dollar, 
up to drilling a test well costing several thousand dollars, represent 
extreme cases. There is no warrant for the Survey making private 
tests, even where the applicant is entirely willing to pay for the service. 


EXHIBIT I 


FINANCIAL STATEMENT 


For the information of the public, the following statement of re- 
ceipts and disbursements has been prepared. All accounts are paid by 
official orders on the Auditor of State, signed by the State Geologist and 
countersigned by the Governor. This account begins with voucher No. 
276, January 5, 1904, all preceding that number having been published 
in the preface of Bulletin 1 of Volume VIII. 


RECEIPTS 

By balance subject to order in the hands of the Treasurer of State, 
at date of last statement............. cece cece ee eee tees $757 22 
By General Appropriation Bill for 1904........ 0... 0... ee eee eee eee 2,800 00 
By General Appropriation Bill for 1905............... 0. cee ee eee 2,900 00 
By General Appropriation Bill for 1906..... ne 3,850 00 

By Receipts from sales of Bulletins from beginning of such sales to 
December Ist, 1906 ........... ccc ce ee ccc eee ee cee nennen 1,195 77 
By Receipts from sale of Ball-Mill to Edward Orton Jr...... ....... 34 00 

By Receipts from sale of Westinghouse air pump to Ohio State Uni- 
VETSIEY 2. cece ee ee eee eee ee sense en nenne Pr 50 00 
Total receipts 2.2... cc ccc ce ccc ee eee ete ee teen tenes $11,586 99 


DISBURSEMENTS 








| Name of Person in Whose 














Favor Warrant was | Purpose of Expenditure. Amount. 
Issue Drawn. | 
1904 | 
276 | Jan. 5 | M. L. Seymour.......... December salary ......... $20 00 
277 | Jan. 13 | Ray H. Rice............ | Draughting oil and gas 
. | | MAPS ........... 0.006. 1 95 
278 | Jan. 13 | Ohio State University....| Fuel for Sand-Lime Brick 
| experiments ........... 18 33 
279 | Jan. 13 | Citizens’ Telephone Co...| Telephone service ........ 11 50 
280 | Jan. 13 | Hann & Adair.......... Letterheads and receipt 
| | Cards ..............06. 7 40 
281 | Jan. 13 | Ohio State University, | 
chemical store room....| Chemicals and expressage. 14 17 
282 | Jan. 13 | Bucher Engraving Co....| Etehings ................ 4 14 
283 | Jan. 13 | Carl Reynolds .......... | Drawings, oil and gas maps] 13 50 
284 | Jan. 13 Ä MeClelland & Co........ | Oflice supplies ........... | 4 56 
285 | Jan. 13 | Nitschke Bros. .......... | 1 ream paper............ 65 
286 | Jan. 30 | M. L. Seymour.......... | January salary .......... | 20 00 
287 | Jan. 30 | Columbus Citizen Tele-| | 
| phone Co. ............ Telephone service ........ | 11 50 
288 | Jan. 30 | Carl Reynolds .......... | Drawings for Bul. I...... | 21 50 
289 | March 4 | M. L. Seymour.......... | February salary ......... | 20 00 


Warrant. 


Number of 


\ 


DISBURSEMENTS — Continued 


Name of Person in Whose 





Date of Favor Warrant was Purpose of Expenditure. Amount. 
Issue. Drawn. 
| 
| 
Mch. 24 | F. H. Eno.............. | Salary and expense account 
| „for Bul. II............ 300 00 
April 8 | M. L. Seymour.......... March salary ............ 20 00 
April 30 ' M. L. Seymour.......... April salary ............ 20 00 
April 30 | Charles 8. Prosser....... Expense account ......... 9 05 
April 30 | E. H. Sell & Co......... Carbon paper ........... 2 75 
april 30 | Columbus Citizens’ Tele-| 
| phone Co. ............ | Telephone service ........ 16 00 
April 30 | Springfield Publishing Co.| Extra work on Oil and Gas} 
|. . Report ».....20.0uu0000% 25 00 
April 30 | Bucher Engraving Co....' Etching for Bul. I........ 47 
April 30 | Hann & Adair........... | 6000 mailing cases for Bul. 
| | J, and other supplies for 
| distributing same ...... 87 10 
April 30 | The Tracy, Wells Co..... | Wrapping twine for Bul. I 1 80 
April 30 ' Buckeye Transfer and| Freight and transfer on Oil 
i Storage Co. .......... | and Gas maps from Cin- 
| | einnati to Columbus..... 3 50 
April 30 | The Rood Lumber Co....! 12 Boxes for storing Bul. I| 4 80 
April 30 | New York State Univer- | 
ls SYBH eaten fhe abn ow Banas | For express on book...... 1 00 
May 9! R. M. Rownd, P. M......! Postage for Oil and (as! 
. Meport sum snsest ses 16 00 
May ' 9 |! James Penn ............ ! For hauling books from| 
| | state bindery .......... 2 85 
June 3! M. L. Seymour.......... | May salary ............. 20 00 
June’ 3 : McAllister, Mohler & Co..! File and stationary cases. \ 32 45 
June 3 | American Express Co....! Expressage on Bul. I..... | 39 20 
June 3 | R. M. Rownd, P. M...... | Postage for Bul. T........ | 12 00 
June 6 ! Edward Orton, Jr....... | Cash advanced to Chas. G.| 
| | Savidis for preparing]| 
| bulletins for shipment. . | 1 65 
June 27° R. M. Rownd, P. M......! Postage for Bul. I........ | 16 64 
June 27 ' M. L. Seymour.......... | Salary for June.......... | 20 00 
July 2 | Ch. G. Savidis.......... Packing, boxing and label-! 
| ing: Bull Tun eee ks | 20 50 
July 2! H. Cole & Co........... ! Two hand levels and re-! 
| | pairs to aneroid barom-| 
Lt -SO@tOR: Aue are re | 15 00 
July 2 Tracy, Wells Co......... | Twine for Bulletins.......| 2 70 
July 2: Hann & Adair.......... ' Printing receipt cards... .| 3 25 
July 2 | Rood Lumber (o......... ! Boxes for packing Bulletin! 
| I Caner por sre try Serre ere 30 30 
July 2! James Penn ............ I Hauling from state bindery| 
| | to University ......... | 3 15 
July 2 | Tallmadge Hardware Co.| Sundries for marking and! 
! | packing Bulletins ...... | 42 
Aug. 2° M. L. Seymour......... | duly salary ............. | 20 00 
Aug. 3 | Western Union Tel. Co..: Telegraph service ........ | 172 
Aug. 3 ! Bucher Engraving Co....' Ntchings for Bul. II...... | 42 98 
Aug. 3 ! McGraw Publishing Co...| Cuts for Bul. IT.......... | 985 
Aug. 3 ! American Surety Co..... | For bond for Edward Or-! 
[ | ton Jr., as State Geolo- 
eC ee ee 3.00 
Aug. 3 : Columbus Citizen Tele-| 
I phone Co. .........64. | Telephone service ....... 10.00 
Aug. 3 ' Hann & Adair.......... ' Stamped envelopes .......' 2235 
Aug. 3 : Engineering News and 
| Publishing Co. ........ ' Cuts for Bul. IT.......... ! 40 32 


DISBURSEMENTS — Continued 








i 


| 
| 
| 





> 5 | Name of Person in Whose | 
3 E Date of Favor Warrant was | Purpose of Expenditure. Amount. 
5 = Issue | Drawn. | 
2 | | 
| | 
331 | Aug. 3 | Cement and Engineering 
| News oo... cece ee eee | Cuts for Bul. IL.......... 2 06 
332 | Aug. 3 | Edward Orton, Jr....... | July salary ............. 200 00 
333 | Aug. 5 | J. A. Bownocker......... | June and July expense ac- 
| f COUNE .... eee eee eee 101 85 
334 | Aug. 5 | J. E. Hyde............. | June and July expense ac- 
| | @ount .. eee ee eee 54 95- 
335 | Aug. 17 | Edward Orton, Jr........ | August salary ........... 200 00 
336 | Aug. 31 | M. Iu. Seymour.......... | Salary for August........ 20 00 
337 | Aug. 17 | J. A. Bownocker......... | July salary ............. 100 00 
338 | Aug. 17 | A. V. Bleininger......... | Expense account ......... 9 60- 
339 | Sept. 1 | J. A. Bownocker......... | August salary ........... 100 00 
340 | Aug. 17 | C. B. Harrop............ | Drawings for Bul. II..... 14 75. 
341 | Aug. 17 | Alice G. Derby.......... | Salary for July to Aug. 18 37 50 
342 | Sept. 12 | T. E. French............ | Drawings and charts for 
| I Bul. ITT .............. 52 00 
343 | Sept. 12 | Charles 8. Prosser....... | Expense account and sal- 
| a nn 196 83 
344 | Sept. 12 | John A. Bownocker......! Expenses Aug. 1 to 27, and] 
| ; I salary ... ee eee ee eee | 99 75. 
345 | Sept. 30 | Ohio State University, | 
| chemical store room...' Express charges for plates| 
| | for Bul. IL........... | 7 85 
346 | Sept. 30 | The Fairbanks Co....... | 2 electros of cement tester| 35 - 
347 | Sept. 30 | Alice G. Derby.......... | 45 hours’ work on Bul. 6| 11 25 
348 | Sept. 30 | Pearl Coutellier ........ | Stenographic work on Bui.| 
| | 0 TTT we eee eee eee | 12 00: 
349 | Sept. 30 | Alice Smith ............ | Stenographie work on Bul.| 
| | | oOo TTD wee eee eee eee 16 00 
350 | Sept. 30 ı H. Cole Co.............. | 1 chemical thermometer, 1 
| hydrometer ........... 2 25 
351 | Sept. 30 | Nitschke Bros. ......... | Office supplies ........... 70° 
352 | Sept. 30 ' C. B. Harrop............ | Drawings for Bul. III.... 22 50 
353 | Sept. 30 | M. L. Seymour.......... | September salary ........ | 20 00 
356 | Oct. 19 | J. E. Hyde............. | Expense acct. and salary. .| 82 95 
357 | Oct. 28 | M. L. Seymour.......... | October salary .......... | 20 00: 
358 | Oct. 28 | Col. Citizens’ Telephone! | 
Be 0 | Telephone service ........ | 10 00 
359 | Oct. 28 ! Swinging Typewriter! | 
| I Stand Co. ........... | Typewriter stand ........ | 3 50: 
360 | Oct. 28 ! Central Ohio Paper Co...! Office supplies ........... | 3 28 
361 | Oct. 28 | American Express Co....| Shipping euts for Bul. IT.| & 95 
362 | Oct. 29 |! Bucher Engraving Co....! Cuts for cement bulletin. .| 24 81 
363 | Nov. 30 : M. L. Seymour.......... | November salary ........ | 20 00 
364 | Nov. 30 ! Hann & Adair........... | Mailing cases for Bul. IT. .| 40 00 - 
365 | Nov. 30 ! Edward Orton, Jr....... | Telephone messages and in-! 
| | cidentals .............. | 2 00 
366 | Dee. 19 |! Charles S. Prosser....... | Salary and expense account! 218 80 
367 | Dec. 19 | McAllister, Mohler & Co..! 1,000 library cards....... | 1 75 
368 | Dec. 19 | MeClelland & Co........ | Office supplies ........... i 275 
369 | Dec. 19 : €. B. Harrop............ | Drawings for Bul. IT..... 4.00 
370 | Dee. 19 : Hann & Adair.......... | Postal eards for Bul. IT...! 1 25 
371 | Dee. 19 ' M. T. Seymour..........! December salary ......... 20.00 
372 | Dee. 20 : Alice G. Derby.......... | Salary Oct. 20 to Dee. 17 60 50 
373 | Dee. 20 : Hann & Adair.......... ' 4,500 library eards........ > 99° 
| 1905. ' 
374 1 Jan. 2 Bueher Engraving Co....: Cuts for Bul. ITT......... 89 53 
375 | Jan. 3 ' American Express Co.....' Expressage on Bul. IT... 40 91 








Date of 
Issue 
Jan 3 
Jan 3 
Jan 3 
Jan 3 
Jan. 3 
Jan. 5 
Jan 3 
Jan. 13 
Jan. 27 
Jan. 27 
Jan. 27 
Jan. 27 
Jan. 27 
Jan. 27 
Jan. 27 
Jan. 27 
Jan. 27 
Jan. 27 
Jan. 27 
Meh. 1 | 
Mech. 1 
Mech. 1 
Meh. 1 
Meh. 1 
Meh . 1 
Meh. 1 
Meh. 7 
Meh. 7 
Meh. 23 
April 3 
April 3 
April 3 
April 3 
April 3 
April 4 
April 4 
April 28 
April 28 
May 1 
May 1 
May 1 
May 1 
May 31 
May 31 
May 31 
May 31 


| 
| 
| 


DISBURSEMENTS — Continued 








Name of Person in Whose 
Favor Warrant was | 
Drawn. | 

| 

|} 


E. T. Montgomery....... | 


Hann & Adair.......... 
Rood Lumber Co......... 
Smith Premier Typewriter 

Os PER 
Tracy, Wells Co......... 
R. M. Rownd, P. M...... 
McClelland & Co......... 
Victor Purdy............ 
American Express Co.... 
B. G. Kalb............. 
Tracy, Wells, Co......... 
Schoedinger, Fearn & Co. 
Ohio State University.... 
Citizen Telephone Co..... 
Nitschke Bros. .......... 
Western Union Telegraph 

Co. 


as 0001000010000 06 


| 
M. L. Seymour.......... | 
M. L. Seymour.......... | 
Hann & Adair........... 


S. P. Ward.............. 
Tracy, Wells Co......... 
Smith Premier Typewriter | 
Co. 
American Express Co..... 
R. M. Rownd, P.M....... 
R. M. Rownd, P.M.......| 
Charles H. Kerr......... | 
American Express Co.....!| 
Hann & Adair........... | 


.o or, 002008080 6 


M. L. Seymour..........: 
American Surety Co. of 
New York 


S. P. Ward............. 


M. L. Seymour.......... 
Alice G. Derby.......... | 
S. P. Ward............. 


Wann & Adair.......... | 
Citizens’ Telephone Co... 
| American Express Co..... 
M. L. Seymour.......... 
Ameriean Express Co... .. 
; Orr, Brown & Priee...... 
HT. Cole & Cols... eee. 


Purpose of Expenditure. 


Casing and preparing Bul, 
Il. rr 

Stationery for Bul. II.. 

81 boxes for storing Bul. 11] 


1 typewriter ribbon....... | 
Twine for Bul. IL........ | 
Postage for Bulls. 1 & II.| 
1 doz. Eclipse files....... 
For casing & tying Bull. EI 
Expressage for Bul. II.... 
For index on Bul. II...... 
Twine for Bul. Il........ 
Nails for Bul. II...... 
Express, etc. ..........-. 
Telephone service ........ 
Office supplies ........... 
Telegraph service ....... 
Boxes for Bull. 11........ 
Hauling ................ 
January salary 
February salary ......... 
Mailing cases for Bul. III, 

receipts, cards, ete...... 
1 copy U. 8. Postal Guide 
Casing & packing Bulletins| 
T'wine 


os eve 000.0 0° 


[ur zur Yu ur Zr Zr Zur Ber ur er Sur ur Zur zur ur zur vu & 


One record ribbon........ 
Evpressage on Bulletins... 
Postage for Bulletins..... 
Postage for Bul. IIT..... 
Packing & shipping reports| 
Expressage on Bulls...... 
2,000 stamped _ envelopes 

and stationery ......... 


1 Platin roll............. 
32 boxes, storing Bul. III! 
March salary ........... 
Bond for Edward Orton 
Jr., as State Geologist. . 
hours’ labor handling} 
Bulletins ..............! 
April salary ............ | 
Work on Bulletin VI..... 
20 hrs. labor handling bul-| 
leting .............0008 
500 cards for Bul. IT..... | 
Telephone service ........ | 
Expressage on Bulletins. . 
May salary ............. 
Expressage on Bulletins. . 
Bottles for storing samples 
Repauiring two Anero'd ha’ 
reneters 


31 


7 2 © © © © eo oO Be we ee 


xxvi 


Amount. 


XXVIII 


| 
| 
| 
| 
| 


Warrant. 


Number of 





Date of 
Issue. 
June 1 
June 21 
June 21 
June 22 
June 22 
July 21 
July 21 
July 21 
July 21 
July 21 
July 21 
July 22 
Aug. 15 
Aug. 15 
Aug. 15 
Aug. 15 
Aug. 15 
Aug. 15 
Sept. 5 
Sept. 25 
Oct. 2 
Oct. 2 
Oct 2 
Oct 2 
Oct 2 
Oct. 2 
Oct. 27 
Oct. 27 
Oct. 27 
Oct. 27 
Nov. 29 
Nov. 29 
Nov. 29 
Nov. 29 
Nov. 29 
Nov. 29 
Nov. 29 
Dee. 21 
Dee. 27 
Dee. 27 
Dee. 27 
Dee. 27 
Dec. 27 


— - eee ee - | Se 
' 


DiSBURSEMENTS — Continued 


| 
| 





Name of Person in Whose 
Favor Warrant was 
Drawn. 


| 

Chas. H. Kerr........... | 
| 

(Charles S. Prosser....... | 
M. L. Seymour.......... | 
MeAllister, Mohler & Co 
Smith Premier Typewriter | 
COs: Eee | 
J. A. Bownocker........ 
| 

Citizens’ Telephone Co... | 


a ee ee ee ee 
eS Se 


..! Library car:ls 


Purpose of Expenditure. 


16 hrs. labor handling bul- 

letins 
Expense aceount 
June salary 


One record ribbon....... 
Field expenses, June 22 tol 

July 15 
Telephone service ..... 


eoeee eee ewee —e 


American Express Co... a Expressage on Bulletins. 
Tracy, Wells Co......... FRWIne ns | 
M. L. Seymour. ......... | July salary ...........05. 
J.- We Hyde: uses | Expense account ........ | 
Edward Orton, Jr....... I July salary .............. | 
Ohio State University, | | 
chemical supply store..| Expressage .............. | 
Smith Premier Typewriter | | 
COs, Ach hee ere ee as | One record ribbon........ | 
Hann & Adair.......... | 500 notice eards for Bul. Iı 
Chas. 8. Prosser......... | Salary and expenses...... 
‘J. A. Bownocker........ Salary and expenses...... | 
M. L. Seymour.......... ' August Balart ann. 
Edward Orton Jr....... ' August salary rae | 
Teese EB. Hyüs.......... : Salary and expensss...... 
Bucher Engraving Co....! Cuts for Bul. V.......... | 
M. L. Seymour.......... | September sa ary ........ 
MeClelland & Co.......:.!' Office supplies and 1 dozenj 
'  Eelipse files .......... 

(.-Bicher 24.26% $3 608266 ı One iron safe............ 
American Express Co..... ' Expressage on Bulletins. . .| 
Western Union Telegraph! 
CO). Eraser eels | Telegraph service ....... | 
Rood Lumber Co........ '75 trays for storing geo-! 
logieal specimens ...... 

M. L. Seymour.......... i Oetober salary .......... | 
Library Bureau of Chi-! | 
CHIO Nora ' Cards for Bull. VI ..... 
Charles S. Prosser....... ' Expense account for sum-! 
I mer of 1905 .......... 

M. L. Seymour.......... I! November salary ........ | 
American Express Co....! October expressage ...... | 
‘ Bucher Engraving Co.....! Cuts for Bul. IV......... | 
' Hann & Adair.......... | Cards for Bull. VI....... 
MeAllister Mohler & Co.| Cards for Bull. VT....... 
S:nith Premier Typewriter | | 
OR | One record ribbon........ 

' R. M. Rownd, P. M...... | Postage for Buls. I, II, and! 
LIT eures er 

T.. E.. French...5,442344 | Drawing for Bull. TV....! 
7. L. White Co.......... | 2 waste baskets.......... 
Bucher Engraving Co....' 3-color plates for Bul. IV; 
Hann & Adair.......... | Receipt ecards and atations: 


| 
Central Ohio Paper Co...! 


' MeAllister, Mohler & Co..! 


ery 
2 doz. steng. note books. ..: 
Record ecards for Bul. VI! 
and express charges of: 
same to Miss Derby....' 


Amount. 


« 
Br in ee ee 








a mm 
ee nn ee ee ee m m ——n 


DIRBURSEMENTS — Continued 


nm a rr 


Jan. 
Jan. 


Jan. 


Jan. 
Jan. 


Jan. 
Jan. 
Feb. 
Meh. 


Meh. 
Meh. 
Meh. 


Meh. 
Meh. 
Meh. 
Mech. 
Meh. 
Meh. 


Meh. 
Meh. 
Meh. 
Meh. 


Meh. 
Meh. 
Mech. 
May 
May 


May 


[an 


“EVAN 


| 

Name of Person in Whose | 

Favor Warrant was | 
Drawn. 


Samuel V. Peppel........ | 


M. I. Seymour.......... | 
American Express Co.... | 
Arthur Malm | 
R. M. Rownd, P. M....... | 

| 


Underwoon Typewriter Uo. 


American Express Co... . | 
Underwood Typewriter Co| 


Miss Ganong 


Mary G. Brashear.......‘ 


Effie K. Merwine........ 


Clinton R. Stauffer...... 
Jesse E. Hyde.......... | 


Hann & Adair........... 


James Penn 
Ohio State University, | 

chemical supply store..| 
M. L. Seymour.......... | 
Mary Wilson Prosser... ..| 
Samuel V. Peppel 
Ohio State University, | 

chemical supply store.. | 
I. E. Seymour.......... | 
Hann & Adair.......... | 
T.-E; Penns. os oc-vewwns | 


James Penn 
McClelland & Co........ | 
M. R. MeClelland........ | 
M. L. Seymour.......... | 
American Express Co.... | 
C. W. Foulk............ | 


M. R. MeClelland........ | 
Bucher Engraving Co.... |! 
American Express Co.... | 
Hann & Adair.......... | 


F. R. Buckley........... | 
Schoedinger, Fearn & Co. | 
U. S. Telephone Co...... | 
M. R. MeClelland........ 
Bucher Engraving Co.... | 


Hann & Adair.......... 


Purpose of Expenditure. 


| 
| 
| 
Expense account on Bull.| 

IN essen | 
December salary ......... 
Expressage for December. 
37 hours’ labor.......... 
Postage for Bull. vII.... 
One No. 5 typewriter, No. 

88,341 


Telé@gram: u... 44.435 
61-2 hours’ labor........ 
Expressage for Bulletins. . 
Rental extra typewriter for 
one week .............. 
Typewriting Bibliography 
CUTS Ar erkannte 
Typewriting bibliography] 
ecards 
Typewriting Bibliography! 
eards 
S4 hours on Bibliography. | 
105 hours work on Bibliog' 
raphy 
2,400 heavy envelopes for} 
Bull. VII and other sta- 
tionery | 
Hauling bulletins 


ee ee © © © © oe wm wm eo we ee 


Expressage .............. 
January salarv .......... 
Work on Bibliography... .| 
Expense account & salary| 
Express charges ......... 
Typewriting Bul. IV...... 
5 special voucher books... 
Drawing for Bul. IV, map 

for Bul VIII.......... 
Hauling Vol. 
Office supplies .......... | 
February salary .........| 
February salary ......... 
Expressage on Bulletins... | 
(Chemical Analyses of Salt| 

Brines for Bul. VIIT... 
March salary | 
4 half tone views....... | 
Expressage on Bulletins. . 
Stamped envelopes and 

printing same ........ 
Expressage 
One pair scissors......... | 
Telephone toll .......... | 
April salary ............. | 
Half tone views and etch-| 

ings for Bull. IV...... | 
Mailing cases for Vol. VIII! 

and printing same ..... | 


XX1X 


-\mount. 


00: 








ce | 
6% 
Ps E | Date of 
en Issue. 
% 
.508 | May 28 
509 | May 28 
510 | May 28 
O11 | May 31 
| 
512 | June 5 
513 | June 30 
| 
514 | June 30 
515 | June 30 
| 
516 | June 30 
517 | June 30 
518 | June 30 
519 | July 2 
| 
520 | July 5 
521 | July 5 
.522 | July 5 
523 | July 30 
524 | July 30 
| 
525 | July 30 
526 | July 30 
527 | July 30 
528 | July 30 
529 | July 30 
530 | July 30 
531 | July 30 
532 | July 30 
633 | Aug. 1 
534 | Aug. 27 
535 Aug. 27 
.536 | Aug. 27 
537 | Aug. 27 
538 | Aug. 27 
539 | Aug. 30 
540 | Aug. 30 
541 | Aug. 30 
542 | Aug. 31 
543 | Aug. 31 
544 | Aug. 31 
545 | Sept. 6 
| 
546 | Sept. 6 
547 | Sept. 10 


DISBURSEMENTS — Continued 


| 

| Name of Person in Whose 
| Favor Warrant was 

| Drawn. 

| 

| 


| Fred J. Heer, printer.... 


M. R. McClelland........ 
American Express Co.... 


| U. 8. Geological Survey. | 


| 

| 

| 

| 

| 

| Clara G. Mark.......... | 
| Ohio State University, | 
i chemical supply store...! 
| E. H. Sell & Co......... 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Robt. Meiklejohn 


Bucher Engraving Co.... | 
M. R. MecClelland........ | 
George D. Hubbard...... 


American Express Co.... | 
| 


Alice G. Derby.......... | 
Citizens’ Telephone Co... 
Engelke & Bigelow...... 


Bucher Engraving Co.... | 
Industrial Arts Depart-| 
ment, Ohio State Uni- | 
versity 
Kimball & Matthews..... | 
Robert Mieklejohn 
Citizens’ Telephone Co...!' 
M. R. McClelland 
Edward Orton, . 
Springfield Publishing Co. ! 
(has, S, Prosser......... | 
Edward Orton, Jr....... | 
American Express Co.... | 
Hann & Adair........... | 


Kimball & Mathews...... | 


U. 3. Telephone Co...... | 
McClelland & Co......... | 
M. L. Maynard 
Ameriean Express Co....| 
M. R. MeClelland........| 
Hann & Adair.......... | 


dward Orton, Jr....... | 
Chas. S. Prosser......... 
Chas. 8. Prosser......... | 
| M. R. McClelland........ 


| 

| 

| Chas. S. Prosser......... | 
' Lewis G. Westgate....... 
| 
| 


Economy Drawing Table! 


os ehe een oe 


Purpose of Expenditure. 


Printing preface to Vol. 
VIII 


eeeeoo4aeeeeeveec4ae0eoesnsee 


May salary ............. 
Expresrage on Bulls. for 
April and May........ 
100 topegraphic sheets of 
Ohio quadrangles ...... 


98 hours work on Bul. VI 


Expressage 
Typewriter ribbon and car- 

DOU: 2a ee 
Three drawiug for repro- 

duction 
Etchings and postage.... 
June salary 
Salary and :ıxpense account 
Expresage on Buls. for 

June 


Telephone service 
Moving safe in Orton Hall 

ırom room 4 to room 7.. 
Etchings 


One prospector’s pick.... 
Repairing camera 
One drawing 
Telephone service 
July salary 
For second-hand camera. . 
Changes in Bull. IV...... | 
Expense and salary...... 
Salary for July 
Express for July......... 
3,000 mailing cases, print- 
ing sAMe ............. 
Il ebony tripod and onl 
Premo plate holders.... 
Long distance tolls....... 
Office supplies 
“() hours’ work on Bul. VI. | 
Expressage for August....! 
August salary ........... 
2,500 heavy clasp enve-| 
lopes, printing same ...| 
Salary for August....... | 
August salary ........... | 
Expense aceount for Clin-, 
ton R. Stauffer......... | 
Postage and twine 


eee 2006. 


. 00, 0020008 60 





for. 
mailing Bul. VIII......: 
lixpense account 
Expense account on Dela-| 
ware quadrangle .......| 


| 


| One standard map case...| 


Amount. 








DISBURSEMENTS — Concluded 
ae 
be es Name of Person in Whose 
+ = Date of Favor Warrant was Purpose of Expenditure. 
33 Issue. Drawn. 
= 
549 | Oct. 1 | Hann & Adair.......... Letter heads, postal cards 
for Bul. IV and Bul. 
VIII Ronee ee eee ee 
550 | Oct. 2 | American Express Co....| Expressage for September 
551 | Oct. 2 | Underwood Typewriter Co| One record ribbon....... 
552 | Oct. 2 | James Penn ............ Hauling Bull. IV-V...... 
553 | Oct. 2 | F. G. Burdell........... Livery for six weeks, work 
| on Physiography ...... 
554 | Oct. 2 | George D. Hubbard...... Expense account ........ 
555 | Oct. 2 | Chas. S. Prosser......... Expense account ........ 
556 | Oct. 2 | Lewis G. Westgate....... Salary and expense account 
| | on Delaware quadrangle 
557 | Oct. 2 | Edward Orton, Jr....... | Cash advanced H. F. Val- 
lence for labor......... 
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LETTER OF TRANSMITTAL. 


Pror. EDWARD ORTON, JR., State Geologist: 


Sır:—I have the pleasure of handing you, herewith, the text of 
chapters five and six, on the Uses of Limestone and the Technology of 
the Lime Industry. My field notes on the occurrence and sampling of 
the limestones of Ohio, and my notes on the methods of analysis and 
the tables af analyses of samples, have been turned over to you for use 
in the preparation of this report, some time since. I wish to thank you 
. for suggestions and assistance rendered in connection with the above 
work, . | 

Very sincerely yours, 
SAMUEL V. PEPPEL. 
1538 N. High Street, 
Columbus, Ohio. 
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INTRODUCTION. 


THE LIMESTONES AND LIME INDUSTRY OF OHIO. 


BY EDWARD ORTON, JR. 


The lowest element, stratigraphically considered, in the rock floor 
of Ohio, consists of a great bed of calcareous rock, called the Trenton 
limestone. Though this deeply buried stratum comes up to daylight in 
but one point in the state, at Point Pleasant, Clermont county, it has 
been nevertheless proven to underlie most of the state, by the countless 
drill holes which have been put down, especially in the western half. 
Hundreds of these holes have penetrated to or into this well-known bed, 
which in some portions of the state has been made famous the world over 
on account of its wonderful resources in natural gas and petroleum. 
The thickness of the Trenton limestone is a point not yet well established, 
though it is thought that it has been perforated by the drill in at least 
one point near Columbus. 

Resting on this massive foundation, there follows an orderly series 
of beds of rock, succeeding each other with a persistent uniformity 
seldom surpassed in similar areas elsewhere. The gross thickness of 
these strata is about 3,000 feet, though nowhere in the state is more 
than 600 feet of it exposed in any natural section. These rocks consist 
chiefly of limestones in the lower ‘third, though they are intercalated 
with some thin calcareous shales. In the middle third of the series the 
limestones give way quite abruptly to alternating beds of shale and 
sandstones or conglomerates, which occupy about a thousand feet in 
thickness. In these beds the limestones are practically absent. 

The upper third of the rock beds of the state are much less striking- 
ly differentiated from the middle beds than the middle from the lower. 
The upper third consists of sandstones and shales as the chief lithol- 
ogical factors, but differs from the middle third in the fact that it is 
interstratified with thin beds of coal, fire clav, iron ore, and limestones, 
which, though not of much bulk, are of great economic importance. 
The limestones are not a large element in their upper beds, probably not 
exceeding 100 or 150 feet in collective thickness of all of the separate 
strata. They differ greatly from the thick, massive, crystalline light- 
colored stones which compose the lower third, being dark-colored blue 
or gray usually, amorphous, and in thin strata of a few feet each. 

In these three great divisions, approximately 1,000 feet is known 
to consist of limestone. This material composes therefore almost a 
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third of the fixed resources upon which the present and future mineral 
industries of Ohio willdepend. In view of these facts, it seems eminently 
proper to bestow upon the limestones and their products a more search- 
ing examination than they have so far received. 

Before taking up this discussion mention must be made of the work 
which has preceded in the earlier organizations of the Survey. The 
work done consists of three principal contributions. 

First: The untangling of the stratigraphical order and geological 
equivalence of the limestone beds. 

Second: The uses of the limestones for the manufacture of quick- 
lime. 

Third: The uses of the limestone for the manufacture of hydraulic 
cements. 

The first of these tasks has been done on a scale completely sur- 
passing the two latter. The limestones have not only been classified 
and studied, for themselves, but also have served, especially in the upper 
strata of the state, as the most serviceable guides to the unraveling of 
other problems. This task was largely completed during the work of 
the Second Geological Survey, but owing to the greater minuteness to 
which correlation is now carried, and to the great advances in strati- 
graphical geology which have been made in surrounding states, it has 
become necessary to repeat this work. The present classification and 
nomenclature of the Ohio formations is set forth in Bulletin VII. 

The article in Volume VI of the Survey by Dr. Edward Orton, 
discussing the limestones of Ohio from the economic standpoint, espe- 
cially as regards the manufacture of quicklime, presented the subject as 
well as the means at hand permitted at that time. As was clearly 
stated by the author, no laboratory investigations other than chemical 
analyses were made or attempted, and the data on the technology of 
lime manufacture were only such as could be gotten from practical men 
in the business. The literature of the subject, scanty as it now is, was 
then more scanty and, being almost wholly confined to the German, was 
not consulted to any extent. The need of revising this work is there- 
fore apparent, especially in view of the numerous improvements and 
changes which have been brought about in the process of manufacture 
of quicklime, and in the uses to which lime is now put. 

In addition to the ordinary uses of quicklime, a new industry has 
recently sprung up in the manufacture of bricks from sand and quick- 
lime. The importance of this new structural material has yet to be 
proved commercially—it is beyond all doubt feasible from the technical 
standpoint to make it. It has been made the subject of a separate 
report, as Bulletin V of this series, by Mr. S. V. Peppel, B.Sc. It really 
falls midway between a quicklime industry and a cement industry, as 
it uses quicklime as a raw material, but perfects a hydrous silicate bond 
in the finished product in the process of manufacture. 
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The third article, on cement, was prepared by Professor N. W. 
Lord and published in Volume VI. The reasons for again opening up 
this topic are set forth in full in Bulletins 2 and 3 of the Fourth series, 
where the work of twenty-four pages of 1888 has been amplified and 
extended to cover six hundred and forty pages. 

The present Bulletin originally had for its object the consideration 
of the limestone resources of Ohio from the standpoint of the cement 
industry. It was then thought that the report of 1888 on the quicklime 
industry was not in urgent need of revision, but that the growth of the 
cement industry in our midst necessitated a fresh consideration of the 
lime resources from the new standpoint. 

The sampling of the state was largely done with this plan in view. 
Samples were often so taken as to include shaly strata between limestone 
beds, which would have been rejected by any lime burner, but which 
the cement maker would need. Also, samples were taken in general 
* only in districts where it was thought the fitness of the material for 
cement manufacture was not definitely established, either for or against. 
The notes made at the time of sampling also were taken chiefly from the 
same point of fitness for cement. 

But as the work progressed, contact with lime manufacturers and 
dealers made it clear that the scope of the inquiry should be broadened 
to include the whole subject of lime manufacture. The excellent work 
of 1888 on the chemical character of the limestones used for quicklime 
made it seem unnecessary to re-analyze these materials, except in oc- 
casional points missed in the former work. But in the technology of 
the industry, progress had been rapid and in this respect revision was 
needed. 

The work as completed therefore seeks to do three things. 

First: To make known the limestone resources of Ohio, from the 
standpoint of cement manufacture. 

Secor d: To compile and systematize the known facts concerning 
the limestone resources of Ohio from the standpoint of quicklime man- 
ufacture and other uses, and to some small extent to add to this com- 
pilation by new studies. 

Thırd: To present as fully as now possible, the present status of 
the technology of the lime industry. 


CHAPTER I. 


THE OCCURRENCE, EXTENT AND ECONOMIC CLASSIFICA- 
TION OF THE LIMESTONES OF OHIO. 


BY EDWARD ORTON, JR., AND 8. V. PEPPEL. 


The area and distribution of the older and principal limestone beds 
was worked out by the Survey many years ago. All of the geological 
maps of the older organizations have clearly delineated the chief areas 
of limestones, though it has been done as a matter of geology rather than 
economics. 

The map shown on page 00, figure 1, has been copied in all of its 
essential features from these older maps, but the areas of the limestones 
of Carboniferous age has been added by the writers. 

In many places, the areas of the different formations overlap each 
other, so that in ravines or in artificial excavations it is possible to open 
and work stone from two or more horizons at once. Where this situation 
exists, there is difficulty in the way of adequate rendering on a map. 
Also, the glacial drift, topographic features and other considerations 
come in to modify the situation, so that it can by no means be inferred 
that all places in the shaded or colored areas of the map are suitable for 
opening quarries, or for manufacturing of cement or lime. The map is 
meant merely to act as a general guide; to show the areas where each 
limestone is the topmost or surface formation; to point out the areas in 
which economic sites may be expected and sought for. The location 
of the actual site for an industry must take many other considerations 
into account, so that the occurrence of the stone itself in good quality 
and quantity is only the fundamental necessity of success. The other 
conditions will be the prominent ones in determining where, within the 
area, a plant shall be located. 

As has previously been pointed out, the limestone wealth is found 
geologically in the lower and upper third of the rock system of the state, 
the vast bulk lying in one compact mass in the lower third, and a rel- 
atively small, but not unimportant, quantity being distributed through 
the upper third. 

This division holds not only for geological age, but for geographical 
location, physical properties, chemical composition, and economic uses 
as well, so that economically considered, the classification may most 
easily be made along geographical lines into Eastern or Carboniferous 
limestones and Western or Pre-carboniferous. 
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Before discussing the stratigraphical divisions in detail, the use of 
stratigraphical names should be considered. The quarrymen, lime- 
burners and lime-users of Ohio are now habituated to the use of the 
geological names in usein the older surveys, and for that reason it has 
seemed wise to continue to refer to the formations frequently, if not 
invariably, by their older title. 


On the other hand, the new stratigraphy is unquestionably more 
accurate, precise and authoritative thanany which have preceded it, and 
it is desirable that it should come into trade use as soon as possible. 
For that reason, its names, where they differ from the old, are purposely 
inserted in many places in the text, often as synonyms, as a means of 
making their meaning known and beginning their use. 

The following table, prepared by Professor Charles S. Prosser, and 
taken from Bulletin 7, will be found convenient in tracing the relation- 
ship of old and new names for the formations. 


GEOLOGICAL SCALE IN OHIO. 








| 


Orton, Vol. vii, 1893. Prosser, Bull. 7, 1905. 
Glacial drift Alluvium and Glacial. _ 
Upper Barren Coal Measures. Dunkard formation. . 
Upper Productive Coal Measures. Monongahela formation. ; 
Lower Barren Coal Measures. Conemaugh formation.. _ 
Lower Productive Coal Measures. "Allegheny formation. a ; 
~ Conglomerate Group. u Pottsville formation. 
Sub-carboniferous limestone. Maxville limestone. 


Logan formation. 


Logan Group. Black Hand formation. 














Cuyahoga shale. | Cuyahoga formation. 

Berea shale. Sunbury shale. 

Berea grit. Berea grit. 

Bedford Shale. Bedford shale. 
Cleveland shale. | Cleveland shale. 

Vhio shale. Erie shale. Ohio shale. ; Chagrin formation. 
Huron shale. | Huron shale. 

Olentangy shale. Olentangy shale. 

Upper Helderberg or Corniferous Delaware limestone. 

imestone. Columbus limestone. 


Lucas limestone. 
Monroe for- , Sylvania sandstone. 
nation. . Tymochtee member(?). 


— 
— - — .— — — —- 





Lower Helderberg limestone, or Water- 
lime. 
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GEOLOGICAL SCALE OF OHIO—Concluded. 


Orton, Vol. vii, 1893. Prosser, Bull. 7, 1905. 


Hillsboro sandstone. Hillsboro sandstone. 
Niagara Guelph or Cedarville “Niagara | Cedarville limestone. 
Group. limestone. Group.” Sprin field limestone. 
Niagara limestone. est Union limestone. 
Niagara shale. Osgood beds. 
Clinton limestone. Blinton Limestone, 


Richmond formation. 
Lorraine formation. 
Eden shale. 


Hudson River Group. 


Utica shale, not seen in outcrop. 


| 

Medina shale. Saluda bed. 
Trenton limestone. 
| 


Trenton limestone. 








EASTERN GROUP. 


The Eastern or Coal Measure groups until recently have received 
but little consideration from a commercial standpoint. The use in the 
arts of the limestones of the carboniferous period has been but local in 
its importance. This localization has been in a large measure due to the 
rugged topography of the country in which they occur, which retarded 
ready transportation, even from some of the most favorable localities. 
Another strong factor in retarding its development has been the nature 
of the deposits themselves. They are generally rather small in amount; 
that is, the vertical thickness as a rule is not great, and it is nearly al- 
ways covered by a thick mass of superincumbent earth, which is cut 
through by erosion in valleys and ravines. In most cases, these also 
cut through the limestone as well, exposing it in their walls and sides. 
Thus the only way to win a large local output will in most places be by 
underground mining. With very few exceptions all that has been used 
so far has been exposed by nature; i. e., uncovered by erosion and the 
weathering agents. 


The popular idea that these limestones are all impure and dirty has 
led most people to pass them by. However, the growth of the portland 
cement industry and the consequent demand for limestone low in mag- 
nesium carbonate, even if it be silicious or argillaceous, has brought 
about a more vigorous search by both capitalists and scientists, into the 
quality of all limestone occurring in quantities sufficient for economic 
winning, especially where located in close proximity to fuel. This 
search has been productive. It has brought the coal measures into 
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notice as a possible source of limestone. In southeastern Ohio, we find 
some of our best limestone for the manufacture of portland cement, in 
close proximity to beds of coal and clay. 


These Carboniferous limestones are generally under ten feet in thick- 
ness, often only one or two feet being found. They are very hard, dense 
rocks, even in spite of their solubility in carbonated waters, lasting 
longer than the sandstones and shales, with which they are intercalated. 
They generally are blue or dark in color, conchoidal in fracture, fos- 
siliferous, and exceedingly persistent or regular over large areas of 
country. On this account they have been of infinite service to the strati- 
graphical geologist, serving as the key to the rocks above and below 
them. In the largest portion of the coal measure areas, comprising 
roughly one-third of the state, there are from two to five separate lime- 
stone horizons represented in the same territory. These naturally over- 
lap each other, so that an ascent of one hill will often bring three or four 
limestone horizons to view. But these beds are generally five feet or 
less in thickness, and as it is not economical to win limestone by under- 
ground workings with less than six or eight feet, these areas are excluded 
from any present importance. 


In fact, it has been assumed that the least profitable workable thick- 
ness of stone is about eight feet, and only areas of this or greater thick- 
ness have been entered on the map, or sampled for analysis. It is not 
safe to say that the areas of thinner limestones in the coal measure areas 
will never be of economic value, for conditions change in ways no one 
can anticipate. These eastern stones are now becoming valuable, due 
to just such a shift in economic conditions, while heretofore they have 
been valueless. But the thinner stones, now rejected, apparently suffer 
from a more serious handicap from their small quantity and difficulty 
of mining than from either composition or properties or geographical 
location. 

THE WESTERN DEPOSITS. 


This division, embracing the greater part of the western half of the 
state, is a field of great activity, not only in the production of limestone 
for various purposes, but also for the manufacture of lime and its various 
by-products. It includes the now famous quarries at Marble Head and 
Kelley’s Island, Marble Cliff and Columbus, Springfield and Greenfield. 
While the entire area is glaciated, a great deal of the stone lies almost at 
the surface, being covered by a thin coat of soil only. In many sections 
erosion has removed the greater portion of the drift originally left by 
glacial action, so that in almost any part of this area there are lime- 
stones at no great depths, making economic winning of the stone pos- 
sible. 

This territory, which has been leveled off by the glacial ice-sheet, 
whose hollows have been filled and whose hills have been degraded, 
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forms naturally a country suitable for a great population. It is the 
natural avenue for railroads, canals, and highways. The soil is fertile 
and well watered, and it has therefore become populous and rich. The 
imperative needs of this locality for building stone, lime and mortar, 
would of necessity develop the limestone beds here to a greater extent 
than in the eastern area, entirely irrespective of the quality of the ma- 
terials or their extent. 

But the advantages have been on the side of the western area, as 
here the stones are of enormous area, great thickness, easy access and 
most excellent quality. It is not strange, therefore, that the lime in- 
dustry of Ohio has secured its first great development in this area. 

These western deposits are generally massive, crystalline, light 
colored stones of remarkable purity. The clay or sand or iron coloring- 
matter falls below two per cent. in hundreds of places. The composition, 
however, is generally dolomitic; i. e., the stone is a mixture of carbonate 
of calcium and carbonate of magnesium, the proportions often becoming 
those of the mineral, dolomite, itself, which contains 56% of calcium 
carbonate to 44% of magnesium carbonate. Since dolomite makes a 
beautiful white lime on calcination, having physical properties similar 
to but less intense than pure calcium limes, this feature of its composition 
has not militated against its use in the trades, and, in fact, workmen 
have learned to prefer it, as it works slower and more mildly than pure 
calcium lime. Dolomite is as desirable for building material as pure 
limestone, so that there has been no drawback on this account. In fact, 
dolomite or dolomitic limestones are as valuable for most of the uses to 
which limestones may be put, as any other, and only become undesirable 
in metallurgical or chemical industries, where the base, calcium, is needed 
in its purest available form. Thus, for furnace flux, a rather low magnesia 
stone is generally used, while for Portland cement, the magnesia must 
be as low as possible and never exceed three or four per cent. For such 
accurate uses, the majority of western stones are at some disadvantages 
compared to the better quality of coal measure limestones. 

It must not be supposed, however, that all of the western stones are 
dolomitic. Some very pure limestones occur in the Clinton, and low- 
magnesia stones are not uncommon elsewhere. The exact localities in 
which they occur will be given in Chapter III. 


CHAPTER II. 


METHODS EMPLOYED IN SAMPLING AND TESTING 
LIMEST ONES. 


BY EDWARD ORTON, JR., AND 8. V. PEPPEL. 


The analyses of minerals made in the early years of the Survey were 
probably as skillful and exact as those of recent years have been, but 
their value stands, nevertheless, on a much lower level. This difference 
proceeds from the differences in the value of the samples upon which the 
analytical work was done. 

Samples in general are supposed to be so selected, or so prepared, 
as to truly represent the material from which they are taken. They 
may be regarded, however, as of two classes; viz: special samples and 
average samples. 

In mineral industries, troubles often arise of which an explanation 
is absolutely necessary to further or successful work. In searching for 
the cause of these troubles, it often happens that the rock used contains 
in limited quantity some single mineral which is the cause of the diffi- 
culty, and in this case, the sample may consist of some small quantity, 
or minute grains scattered here and there through the rock mass. In 
such a case, careful search and use of concentrating devices and mag- 
nifying glasses may be used to procure enough of the ‘suspected substance 
to positively prove its character. In this case, the sample may be highly 
‘ unrepresentative of the rock as a whole, but of great importance from 
the detective standpoint. 

On the other hand, the manufacture on a large scale of any of the 
metallic or non-metallic products like iron, copper, glass, lime, cement, 
clay wares, etc., requires accurate knowledge of vast quantities of the raw 
rock-materials, fluxes, fuels, and refractories. Here the problem is the 
exact reverse of the first case: the average composition and the per- 
centage of fluctuation from a certain mean is the important consider- 
ation. 

The art of sampling a rock fairly is by no means a simple one. 
Even when the quantity first taken from the mine, quarry and other 
exposure is small, and the material is reasonably uniform in composition, 
it requires either a good mechanical equipment, capable of crushing the 
whole mass, or a carefully graded series of alternate crushings and grind- 
ings by hand, by which a small quantity of homogeneous material repre- 
senting the whole may finally be obtained. 


26 GEOLOGICAL SURVEY OF OHIO. 


When the mass to be sampled is large, or where the fluctuation in 
values between different portions of the mass is great, the difficultyyof 
securing adequate and representative samples increases enormously. 
As an illustration of this fact, and of the importance which skilled metal- 
lurgists, miners, and engineers place upon thorough sampling, the com- 
mercial sampling and assaying establishments of Denver, and other min- 
ing centers in the West,may be pointed out. These plants, costing 
many thousands of dollars, have been erected to depend wholly upon 
custom work for their livelihood. Mineral men and investors looking 
over properties send large quantities of ore, from a few sacks to several 
carloads, in order to get the reliability and accuracy which comes from 
the averaging of large quantities of material. Hence, the elaborate and 
expensive equipment which shall furnish a small quantity of material 
truly representing the average composition of the whole is found to be 
a paying investment. 

It follows as a corollary that analyses become correspondingly less 
in value, in proportion as the sample represents smaller quantities of 
material, or as the material consists of less homogeneous kinds which 
do not readily yield an unfluctuating average. 

The theory and practice of mineral sampling was not so well de- 
veloped as it is now, twenty or thirty years ago, when the most of the 
analytical work of the second Survey was done, and their results are to 
be accepted with some reserve in consequence. 


The samples of limestones, iron-ores, coals, etc., collected in the 
field were often composed of a single hand-sample, and seldom if ever 
consisted of more than a few pounds of fragments, chipped off and col- 
lected by hand. Experiment has shown that it is difficult, if not im- 
possible, for any person to select a sample without bias, even where not 
interested in the result, if he is acquainted with the effect of his actions 
in putting in or rejecting portions. As most of these former samples 
were selected in this way, the results must naturally be less important. 


In limestone sampling, when the product is used almost wholly in 
industries where uniformity is important, it is quite necessary that the 
samples represent the deposits fairly, and faithfully reflect the quality of 
the output, which may be commercially won. 


The object aimed at was to procure a sample in such a way as to 
represent the true composition of a right section of the exposure ex- 
amined. The core made by a core drill would have been the ideal way 
of securing this result. That not being available, the next best was 
adopted. 


The following procedure, covering the selection of the sample, was 
carried out to the fullest extent possible: 
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First: The sample was cut from the strata in place, rather than 
to take it from the stock pile. The latter is liable to fluctuate from hour 
to hour as the products of one stratum or horizon happens to form its 
surface layer, or be the center of activity from a shot. 


Second: The part to be cut was first cleaned well from top to bot- 
tom by sweeping with a dust broom. 


Third: A canvas sheet nine feet square was spread close under the 
place selected. The cuttings fell and were collected on the sheet. 


Fourth: A gouge or groove was cut from top to bottom of the ex- 
posed face of the stone. For this purpose (a) a blacksmith hammer of 
about four pounds weight, (b)a blacksmith cold-set or chisel mounted 
on a handle, (c) a few heavy stone cutters, chisels and points were used. 
By following the edges of cracks, and collecting from different strata at 
different points in one small area, it is usually possible to get a full cross 
section of the vein. The size of the cross-cut was usually about three 
inches wide by one, two or three inches deep. The cross-section must 
be of substantially the same area from top to bottom. 

When on account of the nature of the rock, or its location at great 
height, requiring climbing and working with but scant footing, this was 
impossible, the canvass was spread back away from the face of the rock 
so that a large chunk of the rock could be broken out of a layer, passing 
clear through it vertically, and from this, a section was dressed off of the 
desired size, maintaining the same dimensions of section for the whole 
face as far as possible. 

Where narrow strips of shale were sampled with a rock face, as was 
frequently the case, it was carefully cut out to the same section, holding 
the canvass right under it so as to lose none of the desired part. Thus 
the same net results were obtained as in the first procedure. 

From the foregoing, it is evident that the samples represented the 
average composition of the strata for the vertical portion of the face 
covered by any one sample, including such impurities as may occur 
with it. 

Fifth: All the cuttings were saved on the sheet, rejecting only 
pieces known to be accidental falls from adjacent points. 


Sixth: The total weight of the sample was not less than five pounds 
nor more than one hundred and fifty, except in special cases. 


Seventh: Every sample was marked with a number, inside and 
outside of the sack in which it is shipped. The inside number consisted 
of a piece of soft pine, with the number printed or cut or deeply marked 
with a soft lead pencil, so that no amount of rubbing or dirt could per- 
manently obliterate it. Also, a shipping tag, composed of starched or 
“filled” muslin, with the name and number written on it, and then rolled 
up into a tight wad and tied round with its own string made a very good 
and indestructible inside label, except where moisture got in. The out- 
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side label is for the use of freight agents and transfer men. Each bag 
should be so completely labeled that its identification will be unques- 
tionable, if the outside label is pulled off or becomes undecipherable. 

Eighth: When the sample was,taken from stock pile, bins, crusher, 
or from any unusual source, all the circumstances connected with it were 
noted down. 

Ninth: Every detail of the sampling and every observation of the 
material sampled was noted in the note book, at the time. The cross- 
section of the strata, any joints, partings, or seams which are persistent, 
any impurities observed and their distribution, the shipping, both as to 
character and amount, the depth of the formation above drainage and. 
below drainage when data can be had, etc., were recorded. 

Tenth: Duplicate descriptions of each sample taken were sent at 
first opportunity, so that the office had a copy of the data if the note 
book were lost or stolen. 

Eleventh: The samples were shipped by express or freight, accord- 
ing to circumstances, but in every possible case, the sample sacks were 
put into the hands of railroad agent before leaving the place, to prevent 
likelihood of tampering with samples. 

This procedure provided for the delivery of the material in sacks at 
the office of the Survey. The next point consisted in the preparation 
of the samples for analysis and test. The following procedure was used: 

First: All the material shipped was first put through a small 
crusher of the Blake type, known as the Bosworth crusher. Where the 
lumps were too large, they were napped down with hand hammers till 
the crusher could take them. This machine made a powder, most of 
which would pass an eight mesh screen, but of which the coarsest would 
barely pass four mesh. 

Second: Where the amount crushed was more than thirty pounds, 
as was usually the case, the material was made up into a conical pile, 
after repeated shoveling, and was then flattened down to a six-inch 
layer by spanking with a shovel, and was cut into quarters and separated. 
One, two or three quarters were taken, so as to make about thirty pounds. 

Third: This thirty pounds of material was placed in a ball mill of 
special construction, made by the P. Hayden Foundry and Machine 
Company, of Columbus, Ohio, on patterns owned by Mr. W. O. Schei- 
bell. The design of the mill was German. This mill was originally pro- 
vided with one large ball, about five inches in diameter, two others about 
three and a half inches, and some six or eight of two inches. 

This assortment was supposed to batter to pieces and pulverize 
stone varving from one and one-half inches down. The mill operated 
very badly in several respects. It ground very slowly; there was a wide 
variety in sizes at any stage of the grinding; and worst of all the dust 
caked or “‘pasted"’ against the lining of the mill, so that it could scarcely 
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be gotten off again. This was due to the heavy impact of the large balls. 
Even heating the stone in advance, and heating the mill during rotation, 
with gas jets, did not overcome this fault. 

The charge of the mill was then changed, using Iceland flint pebbles 
only, of one and one-half to two inches diameter, and enough of them to 
occupy about five-eights of the space of the mill. The charge, consisting 
of dust from the Bosworth crusher, required no heavy balls or impact 
apparatus: it occupied the interstitial space between balls and enough 
to cover them an inch or two deep, leaving fully one-fourth of the mill 
empty. This arrangement worked perfectly, grinding rapidly, without 
pasting, or contamination, and gave powder of one hundred mesh fine- 
ness in about one hour, for a charge of thirty pounds. It was cleaned 
between charges by putting in a little of the sample next to be ground. 
To clean the mill thoroughly, sand or burnt fire clay makes an excellent 
scouring material for both mill and pebbles. 

These two machines—i. e., the Bosworth crusher and Scheibell ball 
mill—make the most effective combination known to the writers for 
preparing samples of any crude minerals like iron-ore, coal, clay, lime- 
stone, sand, ochers, etc., for sampling or laboratory tests, when not more 
than thirty pounds of fine material is needed, or where the coarse stock 
does not exceed one hundred and fifty pounds. For larger quantities, 
machines of larger capacity, but the same relative function, can easily be 
found. For moderately soft rocks, a dry-pan and ball mill work well 
together, and for hard rocks, a crusher of the Blake or spindle type, 
followed by a ball mill, is better. 

Fourth: The powder from the ball mill was dumped out into a 
coarse screen, which retained the pebbles and let the dust fall into a box 
below. This powder was then carefully quartered down on a sheet of 
flexible oil-cloth, to about one-half pound sample, which was passed 
through a one hundred mesh sieve by hand, using an iron hand-mortar 
to grind any coarse grains still remaining. From this one hundred mesh 
powder, the sample for analysis was saved in a tightly corked bottle. 


Fifth: The large sample, consisting of the ball mill powder, of 
about one hundred mesh stock, was put away for future use in practical 
tests if found necessary. These samples were put up in boxes 8 by 8 by 
16 inches, made of dry matched pine, and nailed shut. 

The testing of the limestones consisted chiefly of the ordinary chem- 
ical analysis. The methods used were in no way peculiar, except that 
owing to the large proportions of clay or shale in many of the samples, 
they were all fused with sufficient carbonate of soda in the beginning to 
make them completely soluble. The silica was determined by the method 
suggested by W. F. Hillebrand, viz: evaporation of the solution of the 
limestone to dryness on the water bath, filtration removing the bulk of 
the silica, evaporation of the filtrate to dryness a second time on the 
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water bath, and refiltration in the same filter to remove the additional 
traces of silica thus separated out. The silica thus obtained was merely 
- weighed by ignition; it was not volatilized with hydrofluoric acid. 

The precipitates consisting of the hydrates of iron and aluminum 
(Al,O,, Fe,O,) for the determination of the iron and alumina were always 
dissolved and reprecipitated. When the magnesium carbonate was 
high, both the calcium oxalate (CaC,O,) and the magnesium ammonium 
phosphate (Mg.(NH,).(P.0,) were dissolved and reprecipitated,in order 
to get each substance well separated from the other, but when the stone 
was low in magnesium carbonate, neither precipitate was dissolved. 
Calcium carbonate was determined by titrating the calcium oxalate 
(CaC,O,) precipitate with a potassium permanganate (KMnO,) solution, 
one cubic centimeter of which equaled 0.0005 grams of calcium car- 
bonate (CaCO,). 

A separate portion was weighed out for the determination of the 
oxide of iron (Fe,0,) and was titrated with a potassium bichromate 
(K,Cr,O,) solution, one cubic centimeter of which was equal to 0.01 
grams of iron oxide (Fe,0,). Stanmous chloride (SnCl,) was used to 
reduce the iron. The phosphorus, sulphur and manganese were not 
determined, although they were sometimes present. 

Those interested in methods of analyses for this class of materials 
should refer to the excellent discussions by Dr. W. F. Hillebrand and 
others, in Journal of Society of Chemical Industry for 1902 and 1903. 
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CHAPTER Il. 


THE COMPOSITION OF THE LIMESTONES OF OHIO WITH 
SPECIAL REFERENCE TO THEIR FITNESS FOR 
PORTLAND CEMENT MANUFACTURE, 
CONSIDERED BY COUNTIES. 


BY EDWARD ORTON, JR. 


This chapter aims to present,in the most convenient shape for pub- 
lic use, all information now available on the composition and properties 
of the limestone resources of Ohio. ‘The information presented comes 
from three chief sources. 

First: The recent work of Mr. S. V. Peppel, B. Sc., who traveled 
over a large portion of the state, specifically for this purpose, sampling 
the limestone, studying its outcrop and situation as regards working, 
and finally making the chemical analyses of the samples. Mr. Peppel’s 
work on this subject has been much the most complete and thorough 
that has ever been made by the Geological Survey of Ohio, and would 
have been presented in the form of a separate report under his name 
were it not thought best for the public convenience to marshal under 
one head and in one place all existing information regarding each locality 
of the state in turn, where limestones exist in workable quantity. As 
it is, Mr. Peppel’s notes constitute the basis and raison d’etre of the 
chapter. 

Second: A study of the Ferriferous limestone of the Hanging Rock 
district in southern Ohio, and of the Maxville limestone in Hocking, — 
Perry, Muskingum and Licking counties, by the writer, the analyses 
only being made by Mr. Peppel. 

Third: A compilation of the results obtained by the various geol- 
ogists and chemists who have prepared reports upon the limestones 
or have occasionally alluded to the limestones in reports primarily upon 
other subjects. The lack of continuity of the work described from this 
last source, and the wide divergence in methods of sampling, and methods 
of analysis, make the data from this source of less value than the other 
two, but as it supplements it in many places not reached by the recent 
examination, and as it often confirms the results of the recent work, in 
districts represented by but one sample, it has been thought highly de- 
sirable to use it. 
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In all cases, the source of the information used has been credited 
to the person responsible for it. 


For convenience in reference, the information has been prepared 
for each county separately, and arranged alphabetically. 

For the benefit of those interested in the stratigraphical features, 
the data from each geological formation will be found, compiled in tab- 
ular form, in a succeeding chapter with remarks on the general character 
of each limestone formation, as disclosed by the evidence at hand. 


Also, for convenience in observing the economic and stratigraph- 
ical relationships of outcrops, the map, figure 1 (page 00), has been 
prepared. It is based on the well-known map of 1888, published to 
accompany Volume VI., and contains but few new areal features. The 
limestone areas are indicated by colored shadings of different sorts, and 
the locations represented by samples taken for this report are indicated 
by one symbol, and analyses of the earlier reports by another. Con- 
stant reference to this map will be necessary to make the descriptions 
of the resources of each county clear. 


ADAMS COUNTY. 


This county lies on the edge of the great limestone area of the west- 
ern half of the state. The western portion of the county is covered by 
limestone, of the lower and upper Silurian, while on the eastern edge 
it is covered with the Devonian shales and the sandstones of the Car- 
boniferous. The limestones represented are the Cincinnati or Hudson 
River group at the bottom, followed by the Niagara group, which make 
the main surface feature. The Hudson River stone is found in the bot- | 
tom of the gorges and valleys of much of the county, while the Niagara 
forms the mass and tops of the hills. 


Hudson River Series.—But one locality in the county was sampled. 
The following is taken from Mr. Peppel’s notes: ‘Sample 85 was taken 
three miles east of the town of Manchester on the bank of the Ohio 
river. There is no bluff here, only a shelving bank, with the hills back 
of it, and the sample was taken layer by layer, measuring the thickness 
of each. During high water, the top strata represented in this sample 
would be submerged fifteen to twenty feet. Just northwest of Man- 
chester, samples 83 and 84 were taken from a quarry which is above 
ordinary high water, but in 1883 was submerged ten feet. A very com- 
mon section of this group of rocks shows alternate lamina of limestone 
and shale, the former varying from three to nine inches and the latter 
from two to twelve inches. Sometimes the stone is predominant and 
sometimes the shale.”’ 

The analyses follow: 
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Number of sample. 83 84 85 
Ein | 5 
Re = os a o 
Description. 85 2 2 
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5 a. 3 na 23 23% 
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= a = 
Silica. ...-....... 22.222202. 9.30 10.10 .86 
Alumina.......2...: 2.22... 3.04 3.14 2.95 
Oxide of iron................ 1.30 1.30 0.75 
Carbonate of calcium......... 82.50 83.50 85.60 
Carbonate of magnesium...... 1.93 1.51 2.48 
| 
Totals................ 98.07 99.55 


These figures indicate that the stone would make a hot dark gray lime, 
of the kind unpopular for general mortar use, but very popular in some 
sections for heavy masonry work. It is distinctly possible for use in 
the cement industry, if large quantities can be had of similar constitu- 
tion. The proportions of magnesia are low, and the amounts and ratios 
of alumina and silica are not unfavorable to Portland cement making. 
The additional silica and alumina required could undoubtedly be ob- 
tained from the fine grained shales which are generally intercalated with 
the limestones in this district. The fuel for a portland cement industry 
would have to be imported, but the Ohio river would afford convenient 
and cheap access to large fields of the best coals. 

The Clinton.—Dr. Locke, in 1837, reported the composition of a 
sample of limestone from Lick Fork, Adams county, which he called the 
“Flinty Limestone,” but which Dr. Edward Orton in the Report of 1869, 


p. 158, classifies as Clinton, as follows: 


Per cents. 
Silica and sand............. cur 2.00 
Alumina and iron.....:.:: comme 1.60 
Carbonate of lime......:.: 22: oo oo 93.00 
Carbonate of magnesia.............. 0.002: seen. 3.04 

99.64 


Not much dependence can be placed upon this last analysis, as noth- 
ing is known of the sample; it merely shows that the Clinton is locally 
highly calciferous and low in-magnesia, or such figures could not have 


been secured. Be 

The Niagara.—Samples were taken at Newport, in the north central 
part of the county, on the line of the railroad, of which Mr. Peppel says: 
“The quarry was being operated for crushed stone. In 1901 it shipped 
about one hundred cars a month. Sample 95 was taken from a stratum 
resembling the samples taken further south at West Union [which he 
classifies as in the lower part of the Niagara]. Sample 94 lay above 95 
and contained several strata of shale interbedded with the stone.”’ 
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Number of sample. 94 95 

z rn 2.9 
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Description. £ 3 : a 
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Cees os iii ages, isn eae ae LE ee 14.80 16.84 
Alumina ......:::: 000 e eee eee tees 5.62 1.78 
Oxide of iron .......0.... 020 cece es 2.34 1.36 
Carbonate of calcium .................... 71.40 76.80 
Carbonate of magnesium................. 3.87 2.64 
Totals; nee Raabe eA 98.03 99.42 





Mr. Peppel’s data show clearly that the Newport stone, where he 
sampled it, is not good for white lime purposes, but that it is distinctly 
available for cement purposes if its location and other considerations 
should invite the establishment of an industry there. 

At West Union, the county seat, the following samples were secured, 
and classified by Mr. Peppel, as belonging to the lower part of the 
Niagara. 

“No quarry was in operation, but samples 80 and 81 and 82 were 
taken out (from an idle quarry). This stone is a light buff or yellow 
color, resembling a ‘free stone’ and lies for the most part in heavy beds. 
In both sample 81 and 82, there is a stratum of four feet thickness. 
This stone rests on a heavy bed of shale, which probably rests on the 
Clinton, since at another point in the territory adjacent, the Clinton was 
observed to be below the ‘freestone’ layers. 

‘‘A sample (number 96) was also taken out at Peebles, which prob- 
ably comes in near to and beyond the bottom of the stratum represented 
in sample 95. It was a reddish yellow, weathering to a yellowish brown 
stone, in beds making a total thickness of 12 feet or more.” 
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SIliCh war er Due 4.46 17.80 24.56 14.32 
Alumina...........2erceeeeee. 1.83 2.39 3.06 1.70 
Oxide of iron...............0..: 1.91 1.87 2.80 2.30 
Carbonate of caleium............ 51.90 44.00 39.50 56.20 
Carbonate of magnesium ....... 40.45 33.78 29.30 24.94 
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The West Union stone was analyzed in 1869 by Wormley, and pub- 
lished in an article on the geology of Montgomery county by Dr. Edward 
Orton, Rep. 1869, p. 159, under the title of ‘‘Cliff” limestone, with the 
remark that the analysis confirms the statement of Dr. Locke, that the 
rock in question would yield hydraulic cement. 


Per cents 
Silica and sand............... 0000: cece eee eee enna 18.80 
Alumina and iron... ......:: con 2.20 
Carbonate of lime ........:: oo o on 42.80 
Carbonate of magnesia................0..0 0000. cece 34.79 
Total. 02er 98.59 


Other Horizons.— Mr. Peppel sampled another calcareous deposit 
about two miles from Peebles in northern Adams county, a short dis- 
tance from the railroad, which he characterizes by the name of ‘‘marl,” 
as that is the term used locally for its designation. This so-called ‘‘mar]”’ 
does not resemble the marls of other sections of the state, either in phys- 
ical or chemical properties. It is almost white in color, and freshly 
fractured surfaces have a luster suggesting the vitreous or glassy. The 
fracture is conchoidal, showing little or no evidence of bedding, and the 
stone is not quite so hard as crystalline limestone. When exposed to 
weathering agencies, it breaks down first into irregular cube-like masses. 
These finally degenerate into a coarse rather granular powder. The 
deposits are not apparently continuous, but seem to be pockets and are 
probably of fresh-water origin. 
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Silica 2220000 0.42 0.26 
Alumina ....:: oo oo yon. 0.54 0.50 
Oxide of iron ..................0.000 ee eee trace trace 
Carbonate of calcium ..................... 55.90 55.90 
Carbonate of magnesium.................. 43.94 43.94 
Totals .............. en 100.80 100.60 


The thickness of the bed, and its highly dolomitic character, makes: 
it remarkable, if it really is a marl, or soft fresh-water deposit of recent. 
age. Its composition in other respects does not correspond to the hard 
limestone rocks of that district. Its value would depend on its phys- 
ical condition, and quantity. Whatever these marls may be, they are 
of little industrial importance, since their extent is not very great, and 
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in some cases to uncover any large amount would require excessive strip- 
ping. For lime, it would probably crack up and give only a coarsely 
powdered quicklime, difficult to handle. 


ALLEN COUNTY. 


In Allen county the Lucas limestone, the Water-Lime or lower Hel- 
derberg of the earlier classifications, is the first solid bed reached by ex- 
cavation, except in the southeastern corner, where a small area of the 
underlying Niagara comes to the surface. Both of these formations are 
strongly dolomitic in character, and in other parts of the state both are 
Widely used in the manufacture of the finest white lime. The industry 
does not flourish in Allen county at present, the stone finding use prin- 
cipally for building purposes or concrete and ballast material. 


Lucas Limestone. —The stone was sampled at Lima and Bluffton. 
The Lima sample was from the quarry of Mrs. C. L. Sanford. It was a 
thin-bedded gray-brown stone, used at present for crushed stone. The 
Bluffton sample is a cross section of the rocks shown in the L. T. Sidall 
quarry. It is a thin and unevenly bedded stone, of brown color. The 
stripping is from three to four feet of glacial drift and residual soil. The 
stone is all crushed at present, no lime being burnt. Other quarries 
in the vicinity are producing considerable building stone. 

Mr. Peppel’s analyses are as follows: 


te 


Number of sample. 


—— - 
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Description. oS = - 
FE SE 
ES es 
| 3 | a 
Silica 2.0... eee 1.40 | 2.70 
Alumina .............0.. 0.0000 eee ee eee 0.88 1.32 
Oxide of iron ...........0 0.00. eee trace trace 
Carbonate of calcium ..................... 54.25 53.00 
Carbonate of magnesium.................. 43.36 42.80 
Totals oo. 99.89 99.82 


The same stratum was formerly extensively burned for lime in Bath 
township, by G. W. Fetters, the product being hauled into Lima for use 
in mortar and in strawboard works. This industry has probably been 
crowded to the wall by the limes of Sandusky and other points where 
the burning is done on a very large scale and with the best appliances, 
and for the shipment of which favorable rates are made. 
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This quarry was sampled in 1887 by Dr. Edward Orton, from the 
ten feet which was used for lime burning, and analyzed by N. W. Lord: 


Per cents. 
Silicious matter........00...00 on 1.18 
Alumina and oxide of iron.........................04. 0.14 
Carbonate of lime.................... 0.00 cece eee eee 53.69 
Carbonate of magnesia................... 0000 c eee eee 45.00 
Totale. ...::0 000er 100.01 


Dr. Orton says: “These figures show the Fetters lime to have the 
ordinary excellence of the formation from which it is derived. The 
upper beds of the series are, in this vicinity, hard, blue, and impure, and 
consequently are not used at all for lime manufacture. By proper 
selection, hydraulic limes and natural cements would both be obtained 
from these sources, but it is not probable that the latter could be manu- 
factured at a profit as against the great advantage of Louisville and other 
points in this regard, as well as the strong tendency toward the use of 
portland cements instead.” 


ATHENS COUNTY. 


Athens county, lying wholly in the coal measures, possesses only 
the characteristic limestones of that group of rocks. In the north- 
western and western portions of the county, the upper members of the 
Allegheny formation, the lower and middle Kittanning and lower Free- 
port coals are above drainage, but in central and eastern portions of the 
county, the strata lie in the Conemaugh and Monongahela formations. 
It is in these two groups that the limestone wealth of the county is found. 
In the Allegheny the only limestones found are usually thin and econom- 
ically valueless strata on the horizon of the Freeport coals. 





Freeport Limestone.—A vein, tentatively referred to this horizon by 
Mr. Peppel, reaches a sufficient thickness to quarry for road metal in 
Lee township; the stratum is here about one-half flint. The sample 
(No. 142) was taken at Albany, by Mr. Peppel, from a vein seven feet 
six inches thick. He states that it lay one hundred feet below the Crin- 
oidal limestone. If by the latter is meant the Ames limestone, this 
would probably classify the sample as Cambridge. The latter formation 
is often flinty, especially where it thickens up locally, as is the case here. 
Whether Cambridge or Freeport, the stone probably has no great 
economic future. Mr. Peppel’s analysis follows: 


Per cents. 
Silica... cece eee tans 50.30 
Alumina ..:..:.::: oo 5.46 
Oxide Of IrONn :. 22:22 22er 1.20 
Carbonate of calceium .........:. oc. 40.91 
Carbonate of magnesium........................0-0.. 1.36 
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This stone would be of possible interest to cement makers as a means 
of getting amorphous silica into their high alumina mixtures, without 
objectionable accompaniments. It could only be used as a corrective 
for some other stone, but it seems possible for it to be very useful for 
this purpose. 

The area available for economic winning is not very large. It is, 
however, located close to the railroad and could easily be transported 
for the purpose of correcting the composition of cement mixtures. It 
might prove of value should the stone from Ames township, about twelve 
to fifteen miles north of it, be developed. 


Pittsburgh Limestone,—The limestone found under the Pittsburgh or 
No. 8 coal is rarely of any economic value, being usually too thin to 
permit working. One place, in Ames township, was found by Mr. 
Peppel, where the stone thickened up to fourteen feet six inches. It 
lies in this locality from two to twenty-five feet below the Pittsburg coal. 
A sample, No. 141, was taken with the following results (Peppel):. 


Per cents. 
Silica... ee eee een e cece neces 4.62 
Alumina .... 0... eee ce eee ee eens 1.44 
Oxide of iron... 2.2.0.0... 0. eee ce cee eee eee eee 1.00 
Carbonate of calclum................... 000000 ee eee 90.90 
Carbonate of magnesium....................-0-0 ee eee 1.60 
Total... cee eee eee eens 99.56 


This stone, if its thickness and composition remain as shown in the 
above test, would be of interest to portland cement makers. Its low 
magnesia, high lime and good silica-alumina ratio are all favorable, and 
the recorded thickness is good. Occurring in a district where coal is 
abundant, such a mineral should have an industrial future. It would 
not make a desirable white lime for mortar. 


This stone occurs near the top of a series of very narrow ridges on 
the west side of a little valley, so there is no very large extent of the 
deposit available, yet there is no doubt that sufficient of this stone can 
be found in this locality to supply a cement plant for many years. It 
is, however, five to six miles distant from present transportation facil- 
ities. None was found on the east side of the valley mentioned, and 
there is probably none there, as the hills are of insufficient height to 
carry it. 


The limestones lying over the Pittsburg coal, and under the Meigs 
Creek or No. 9 coal are included in the same group as the stone found im- 
mediately beneath it. This grouping is not intended to have any strati- 
graphical significance, but is merely economic. Those above the Pitts- 
burg coal, Mr. Peppel divides into five sub-groups—B, C, D, Is and F, 
according to their distance above the datum or coal vein. 
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In Athens county, the following localities were found to have these 
limestones developed in workable thickness: 


Sample 137 came from the McGraw farm, Berne township, at the 
west end of the Rues tunnel on an abandoned railroad, near Stewart 
junction, one and one-half miles west of Big Run station. The thick- 
ness of the section sampled was fourteen feet. The limestone layers 
varied from six inches to three feet in thickness. The lower half was 
heavier in bedding, and free from shale streaks. The upper half con- 
tained one four-inch, one three-inch, and one six-inch shale streak. The 
sample included several layers of buff stone, but was in the main blue 
and gray. The sample was thought to come from about fifty-five to 
seventy feet above No. 8 coal, but Mr. Peppel found the evidence on this 
point very meager. 

Sample 136 was taken on the John Parmeter farm, on Watts run, 
two and one-half miles south of Amesville, and three-fourths mile west 
of the railroad. The section sampled was: 


Feet. Inches. 

Limestone ............... 0.0 eee cece eee eee 6 0 
Shale and nodular limestone.................... 2 0 
Limestone ......0.0. 0... ccc cee cc eee ee 0 6 
Shale and nodular limestone.................... 1 6 
Limestone ............. 0.0. cee eee eee eee eens 1 0 
Shale... 22... oo oo ec ee ene eee 0 6 
Limestone ............. 0.00 cece eee eee ee ees 1 0 
| cece cece ene e ee eneae 0 6 
Total... .. 0.0... ce en 13 0 
Shale to bed of run ................-...000- 15 0 


The position of the coal was not observed at this point, but the 
stone was on its physical character classed as E, seventy to eighty feet 
above the Pittsburg and just under the Meigs Creek or No. 9 coal. 

Sample 143 was taken on Walter Bayard’s farm, from an old rail- 
road cut, one-fourth mile east of the present depot at Canaansville, and 
close to the B. & O. S.-W. railroad. The section sampled was as follows: 


Feet. Inches. 
Shale... 0... 00 eee 6 0 
Limestone ................ 00. ccc eee e eee e ees 1 6 
Limestone with two three-inch and one six-inch 
shale streaks ............ oe. 14 6 


Interval to railroad level, seventy-five to eighty-five feet. The 
roof was sandstone and shale. 

The fourteen feet six inches of stone was composed of stone strata 
of irregular thickness, the shale streaks thinning and thickening as the 
stone fluctuated. 


The samples, analyses, and notes are all by Mr. Peppel. 
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Number of sample. 


137 136 143 
pee = 
x; 2. er 
Description. af 5 g 53 
I Ze [=] 
ms p g@ 
045 es as 
a E & 
Silica... .........000 cc eee eee 14.88 22.90 14.50 
Alumina ................... 5.41 8.17 4.56 
Oxide of iron ............... 1.81 2.07 1.40 
Carbonate of calcium ........ 67.45 62.29 76.78 
Carbonate of magnesium ..... 9.15 2.69 1.21 
Total................... 98.70 98.12 98.45 


The future value of these stones lies chiefly in the field of cement 
manufacture, apparently. Nos. 136 and 143 are both capable of taking 
place in a portland cement mixture. The bed represented by 143 could 
only be won in a large way by mining. No. 147 is ruled out from the 
portland cement group by its magnesia, but might possibly be used for 
a roman cement by discarding the small amount of shale which accom- 
panies it. The presence of the Pittsburg and Meigs Creek coals with 
the stones makes a factor in the problem. 


BELMONT COUNTY. 


This county lies wholly in the coal measures, and its surface strata 
belong entirely to the upper portion of the Conemaugh, the Monongahela, 
and the Dunkard formations. The No. 8 or Pittsburg coal is low in the 
valleys on the western edge of the county, often below drainage, and in 
the hills on the Ohio river at Bellaire and Powhatan is above drainage. 
The rise in drainage to the north and west is slightly more rapid than the 
rise in the coal. 


The limestone wealth of the district is comprised in the numerous 
and somewhat irregular strata that occur from below the Pittsburg to 
above the Meigs Creek coal veins. These stones have been burned for 
a hydraulic cement of the roman type for many years, but at this time 
nothing is being done with them. 


Dr. Newberry in 1870 referred in strong terms to the use of these 
stones at Barnesville, where they were being burned and ground for 
cement by T. C- Parker. Wormley, in 1870, made analyses of a number 
of stones from this district. Finally N. W. Lord, in 1888, referred again 
to the Parker cement and gave fresh analyses made by himself, of the 
material produced at that time at the Bellaire works. The data are here 
reproduced for convenience in reference. 
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Sample number | 1 | 2 | 3 | 4 | 5 | 6 | 7 | § 
Silica.............00005 8.47} 29.80] 30.60) 24.00] 17.40; 8.60} 31.20] 16.41 
Alumina............... 4.85| 13.80] 13.00; 7.00) 6.20) 4.90} 6.60) 5.44 
Oxide of iron........... 3.10| 22221 ce eed cee eel cece] 2222. 2... 3.38 
Carbonate of calcium. . 72.10| 41.20] 40.60] 37.90] 51.80] 80.70] 37.80] 46.52 
Carbonate of magnesium . 11.15} 15.36) 15.18] 30.47) 23.94) 5.69] 23.89] 26.40 
Moisture and loss ....... OS] ::2::1 es es ns ns 222. he... 

Totals ............. 100.00] 100.16] 99.38] 99.37] 99.34| 99.89] 99:49] 98.15 


1. Parker’s cement stone, 1870, analyzed by Dr. P. Schweitzer. 
2. Parker’s cement stone, 1870, analyzed by Dr. T. G. Wormley. 
3. Cement limestone near Wornock’s station, B. & O. R. R., 
Wormley. 
4. Wegee cement rock, 18 inches from bottom, Wormley. 
Wegee cement rock, near top of vein, Wormley. 
Limestone, 18 inches above cement rock, Wormley. 
J. F. Hutchinson’s cement limestone, Putterey, Wormley. 
Bellaire cement limestone, 1887, N. W. Lord. 


CON 


The references serve to show that the impure silicious and mag- 
nesian limestones of this county have had quite an industrial develop- 
ment in the past. They also show that the same stones, tested by the 
different writers, were very irregular in composition, and by inference, 
gross differences in composition of the roman cements made from them 
were not considered prejudicial, as in the case of numbers 1 and 2. They 
also show that different strata varied greatly from high magnesian to 
low magnesian, as in numbers 4 and 6. 

This field was carefully examined by S. V. Peppel in 1902-03, whose 
samples materially add to our exact knowledge of the facts in this dis- 
trict. 

Beginning on the west, the limestone was first sampled on the farm 
of Mrs. Kate Maldine, one mile north of Barnesville. The geological 
section here shown was as follows: 


Meigs Creek coal (No. 9) ......... 2c cece cee ees 0 0 
Sandstone and shale ...............e000- 23 to 25 0 
Coal oo... ccc cee eet cece ee eeaes 1 10 


Hard blue or gray limestone, carrying small amount 
of shale... 0... ccc cece ees 


OO 09 


The buff or six-foot stratum was sampled as number 171. The 
upper, or blue-gray stratum, carrying shale was sampled as number 170. 
Another sample was secured on the National road, four miles north 
of Barnesville, near Henrysburg, from the farm of W. G: Major. A coal 
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blossom was opened about twenty-five feet under this point, which was 
considered at the time to be No. 8, but which Mr. Peppel subsequently 
concluded to be the twenty-two inch vein shown in the Barnesville section. 
The section was as follows: 





Feet Inches. 
Sandstone .......... 0... cece eee eeee eet eee oe oo 
Limestone ... 0.0.0.0... 000. e ences 1 0 
Sandstone ........ 2.222 0.00 ccc cece eee ees 1 0 
tS) 00) 2 0 
Sample {Timestone, light brown in color, solid, in even 
172 ys (- 22220 eneeseseeeneneeene nen 0 
Interval... 0.0... ete eens 25 0 
Coal blossom, twenty-two inch vein of Barnesville. 
The results of the analyses by Mr. Peppel are: 
Number of sample. 171 170 172 
85 ne: 2323 
x ; ¥ Tr: 
Description. 2 ep 5° ; 3 
° © 
53 ER ae 
: ed soe Bir 
Silica... . 6... ee eee 16.10 14.06 3.14 
Alumina................... 5.74 4.33 0.74 
Oxide of iron .............. 2.28 1.13 0.90 
Carbonate of calcium..... .. 51.25 66.31 92.48 
Carbonate of magnesium. . 23.02 12.71 1.84 
Totals................ 98.39 98.54 99.10 


Sample No. 172 seems to be anomalous. Its purity and low mag- 
nesia contents are not duplicated in any other analysis from this county. 
It would make an admirable portland cement material, if it is uniform 
as above, and if enough can be found. At the location sampled, the 
stone would have to be won by open quarrying and for the uncovering 
of any great quantity the stripping would be so excessive as to prohibit 
large development. If thissame stratum maintains its thickness and com- 
position over any very wide area, there are no doubt locations to the 
north where it could be mined. | 

The other results confirm those of the earlier workers as to the gen- 
eral character of the stone used for roman cement. It is limited to the 
productions of the roman cements and would not be available as a con- 
stituent for portland cement, nor for white lime. 

At Armstrong’s Mills, in Washington township, on the line of the 
B.Z.& C. R. R., a particularly favorable geological section is exposed 
and this was elaborately sampled by Mr. Peppel as follows: 
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Feet Inches. 
SHNOStLONG sian owas oa eee ee ea.e GaN ewer a 
Shale interstratified with about one-fourth lime- 
BEONE: Na. da ak ohn nae re Se 47 0 
Limestone (roof)..¢........0... 0.0 c essen 3 0 
Sample { Shale, hard and calcareous..................... 2 6 
162 Blue limestone, not very hard.................. 1 0 
| Blue limestone, hard..................00000eue 3 0 
Shaler a: 2 see een 1 0 
Limestone, impure and shaly................... 4 0 
Sample |Blue limestone, hard.......................... 5 0 
163 Shaleı ie ccc canada aides tive ie Ae hn hee ena eed eae 0 6 
Blue limestone ..........0 0.0000. e cece eee 1 0 
ite he cael tk Pee a er, ee a ce en mace he Sess gd tad Yak 0 9 
TGUIMCSt ONG ioe onc ov are ln eset: ee 1 0 
Green shale............ 0.00.0 c cece eens 4 0 
Gray limestone........... 20.0... 000 cece eee vice 3 0 
ale ite en tented edna us aie Who hays 0 6 
Sample | Buff limestone.......................-0 00.0008 4 0 
168 Brown limestone, shaly.......................- 1 0 
Dark gray limestone..............0-.0..0.000 000s 1 0 
Blue shale PsA iar Sicha BBO aya Sets ee Oates ne ats be 1 0 
Gray limestone.................-.-. 000s eee: 2 6 
Blue limestone .........0.0...0.. 222222 1 6 
Dirty limestone, hard, but laminated............ 0 6 
Sample |Light brown limestone........................ 2 0 
164 Brown limestone.............222 222222 3 0 
Blue limestone ................ 00020: e cence 6 0 
Dark brown slaty limestone.................... 1 0 
SO Blate ern. oh ee Hone wide oS ee eee 1 0 
Coal, Meigs Creek................ 0.000 e eee eee 4 0 
Interval, containing shale with a little sandstone.. 23 0 
Limestone (roof)... 0.0.00... 0... c eee ee eee es 2 0 
Sample 165 Limestone, hard blue, in 4 courses .............. 8 0 
Sample Hard fine-grained shale, bleaching to a light color 
166 | ON:OULCTOP os een ee 5 0 
Hard fine-grained shale, very dark color......... 
Sample [Blue limestone .................20.. 002 e eee 4 0 
167 | Shale, brown in part .............. 0.000000 eee 1 0 
[Blue limestone ................ a Ra Teese A 3 6 


Thus it is seen that for about fifty feet above and below the Meigs 
Creek coal, the strata are predominatingly calcareous. Whether the 
grouping of the members differently would have made a materially differ- 
ent or better showing, for the characters of the materials, is of course 
only open to conjecture. 

Mr. Peppel’s analyses follow: 
































Number of sample. 162 163 | 168 | 164 | 165 | 166 | 167 
| ee | & |doolae le 
| 28 < =: | „® | < 8 | = 4 
| ares = he 3S = P.) 
7 U3 : = = =F = 2 . 
Description. | = z 5 gual fa 38 | 3 = 
ory me aes B/S, 2.) 2, 
-cf2 <8 S55) Hee | <3. 28 
D e ww oe = = is ~~ ww sae er o 
old |Get ee an ee 29.16! 25.88] 17.10 25.46! 10.20 spat 17.02 
Alumina......0........ nn i 8431 7.06) 4.90) 10.11 241: 9.641 4.56 
Oxide of iron... 0.000000 0000. » oD GO) 1.84 1.24 Leal 2.13) 1.30) 1.74 
Carbonate of caleitum .......... $4.23) 47.70| 58.93] 45.40) 73.57] 45.70] 59.78 
Carbonate of magnesium .. .....13.56| 15.84] 16.87] 15.53) 72.19] 15.45| 15.98 
Total; esse 98.07) 98.32] 99.04| 97.75| 99.50| 98.19) 90.08 
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The proportions of lime and magnesia vs. silica and alumina fluc- 
tuate reciprocally with the inclusion of more or less of the shaly strata, 
but in the case of sample 165, which contains no shale, the character of 
the limestone is clearly shown to have no field of usefulness in either 
white lime or portland cement manufacture, though it might be of value 
for agricultural purposes. That it would be used for the roman or 
natural cement is beyond doubt. Also other sections in the locality can 
undoubtedly be found, in which limestone of good quality for roman 
cements can be obtained, by exclusion of the shale intercalated with the 
stone beds. The introduction of the roman cement industry into this 
section is, however, a question of economics rather than of mineral re- 
sources. 

The Pittsburg coal is getting deeper as one goes towards the south- 
east, and these limestone formations, especially the lower numbers, get 
under cover shortly below the south line of Belmont county. Sample 
number 159 was taken at a point two miles west of Powhatan, on the 
south side of Captina creek, near a road bridge over the creek, and 158 
a mile further south. These samples were selected to represent the 
southern edge of the field. 


The section was as follows: 


Feet. Inches. 


Limestone over the Meigs creek coal............ .. 
Meigs creek coal .............02 00. e eee eee ee 
Sample a: blue limestone in heavy beds, lower two feet 











159 of which is dark in color, tending to becomenodular 8 0 
Interval, not seen........... 20... 0c 15-20 .. 
Limestone, roof (at least).....................4. 2 0 
Light buff limestone, soft...................... 2 6 
Hard blue limestone................ een 1 0 

Sample Nodular limestone and shale .................. 0 6 

158 Hard blue limestone ................2..222222.. 2 6 
Buff limestone...........:...2.2 2222er. 1 6 
Curly, impure, dark colored limestone ........... 2 0 
Interval to Pittsburgh coal.................. 40-50 .. 

Mr. Peppel’s analyses follow: 
Number of sample. | 159 158 
ln a | 
| 8. | ogg 
: 2.5 
55 | _ 
Description. | EE 8 avg 
3455 
ge ö B 32 
| 4 Aw 
Silica. ee. | 14.94 14.40 
Alumina ........................-.. zu 4.5 | 4.73 
Oxide of iron .................. ver. 1.95 2.65 
Carbonate of calcium... ................ 70.15 | 59.40 
Carbonate of magnesium.................. 8.22 18.39 





Totals 2.0... ws | 99.57 


—— ll eae - --- -. -— --- - —— —— u. 
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The stone has practically the same characteristics here as in pre- 
ceding samples. 

Bellaire, once the seat of a small roman cement industry, was next 
examined. 

The section represented there is as follows: 


Feet Inches 
Sandstone ...........00 0.0000: cee eee .. .. 
Sandy shale................222eeesceeecn. ... § 8 
Blue limestone ............. 0.000000 cece eee 1 0 
Green sandstone, slightly laminated............. 5 0 
Limestone and shale......................... 12-15 oes 
Sandy shale, with nodular limestone............ 4 0 
Green shale ........ 00.000. eee 0 6 
Hard, dirty earthy limestone................... 5 0 
Brownish y limestone............2220200000. 0 
Green shale and limestone (same as used for sam- 
ple 156 at Glencoe) ....................... 12 0 
Green shale... 0.0.0.0... cee eet 4 0 


. ee 02 0 81T een 


‘pose 
Brittle light colored stone, degenerating into shale 


at a few POINES 222222200 0000.00 08 ee. 6 0 
Sample Green and yellow shale........................ 2 0 
155 Gray limestone.............. ren. 3 0 
Gray shale... ......00.00.0000 0000 cee ene 1 0 
Limestone .........0..0.0000 20 cece nee 2 0 
Meigs creek coal.......... 0.2... e cece cece eee oe .. 
Sandstone, gray and laminated, uneven in bed- 
Tr cece cece ec ee cee eeeees 15-16 0 
0X}: 1 cette 1 0 
Sample (Shale, friable............. 0... ccc cece eee 0 6 
160 Heavy blue limestone, bleaching white........... 7 6 
Sample {Limestone, blue..................... 2.0.2 -0005. 4 0 
161 {shat ee ec een eee tenet e ee eee eens 0 6 
Limestone ...........000.. 0 0c cee nes 2 6 
Shale... 0.0... ete eee 1 0 
Impure limestone............ 0... ccc eee ee eees 2 0 
Interval unseen. Coal in bed of stream. Interval 
to No. 8 coal ........... cee eee ee ee eee 43—45 


The above section was measured and the samples were taken about 
one mile west of Bellaire on Pinch run. Two additional samples were 
selected one mile east of Glencoe and one-half mile south of the B. & O. 
R. R., where the following section was measured: 


Feet. Inches. 
Roof, green sandstone......................05. 2 0 
Sample (Green shale............... 00. eee eee eee nee 1 6 
156 {Limestone in heavy beds, varying in color from 
gray blue to black........................ 8 0 
Green shale ..........0.0000 0000 ccc eens 4 
Limestone and shale...... ................. 30-35 
Coal, Meigs creek..........2.: 22222222. 
Interval was not measured..................... 
Roof, good limestone......... 222222222222... .. .. 
Light uff limestone in heavy beds.............. 7 0 
Blue limestone ..................00 000 e eens 0 6 
Sample Yellow limestone.....................000000005 0 9 
157 Hard blue limestone.......................... 0 415 
Yellow limestone ............:......222e2c0.n. 0 41, 
Hard blue limestone ....... .......... sec... 1 0 
Interval, unknown............0... 0.000000 0 uae .. 
Blue limestone, hard...................... .. 6 
Interval, unknown.............2 22222222. a 


No. 8 coal ............0 ern 
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The results of the analyses by Mr. Peppel are given below: 


Number of sample. 155 | 160 161 156 157 
ee Ses er en the a ea st 2. | . 
ao — pe E 4, 2 fi 
Sr u IE 
Description. 47: | 5}: z 25 „E 4 
Pax | E Es as 5 = Bes 
4 = = = ak 4 =3 = g ir £ 
toa Dies =. = = a © 
res] | & a = = 
| 
Siliecä.:..:... ws 25.12 : 9.86 12.36 33.68 11.20 
Alumina .............. 9.48 2.84 3.92 10.06 3.46 
Oxide of iron .......... 1.60 0.60 1.24 2.08 0.80 
Carbonate of calcium ...| 36.35 76.10 70.90 41.20 68.00 
Carbonate of magnesium| 25.18 11.00 10.75 10.19 15.75 
Totals ............ 97.73 | 100.40 99.17 97.21 99.21 


Here, again, the samples show a composition in every way com- 
parable to those from the preceding localities. 

Proceeding to the northern part of the county, the following section 
was measured on Glen’s run, one and one-half miles west of Burlington 
(Don P. O.), and samples were taken at points indicated in the section. 


Feet. Inches. 
Limestone, similar to sample 155 ............... .. - 
Coal blossom........... 22 00.0. eee eee eee ae we 
Shale and sandstone ....................... 20-25 u 
Blue limestone (roof)....................0.000. 6 
Brownish blue limestone, hard.................. ; 0 
Sample Yellow limestone, weathering to an earthy mass.. 2 0 5 
174 Brown shale........:: cc con 0 3 
Yellow limestone, same as above................ 2 9 
Shale tcc Sa ua een ee 6 0 
Solid blue limestone (roof)..................... 1 6 
Grayanaler. nn ae ee 2 0 
Hard blue limestone .........:.....2 2222220. 3 0 
Sample Shale..nn.r nenne ale 1 0 
. 173 Hard blue limestone .......................... 4 0 
Sal Ge reas ee re eek Be ee 0 6 
Hard blue limestone .......................... 3 0 
Shale about................... 00... 0 cece eae 6 0 
Limestone (roof)............0.0.00000 0000 eee eee 1 6 
Hard blue gray limestone................002005 6 0 
.Sample {Hard gray limestone.......................... 2 0 
175 Soft white limestone...................20200005 1 0 
Dirty blue limestone, hard..................... 1 0 
Interval to No. 8 Coal PNR a N as na EMU: Ao oe, 6-8 u 


The analyses are as follows: 
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Number of sample. 174 173, 175 

a? so 200 

a > 0 8 Sg 

25 © ake cz 

- gen git ig 

Description. 2 . 2 EN 3 3 
a= ae Pr 

C4 © ey 

Eni 03 Sak 
Silica... ....0 00.00... eee 8.74 19.68 13.60 
Alumina .................. 3.30 6.77 3.69 
Oxide of iron............... 1.30 1.63 1.95 
Carbonate of calcium........ 70.40 61.50 69.60 
Carbonate of magnesium .... 15.30 9.00 10.90 
Totals................. 99.04 98.58 99.74 





Again, the character of the Belmont county limestones is demon- 
strated to be inferior for all but the one purpose for which they have thus 
far found adaptation. 

These results, while they do not prove that occasional patches of 
pure high-calcium, low-magnesia limestones may not be found, and, in 
fact, offer an illustration of this in sample 172, still strongly indicate 
that closer sampling of the strata will bring out no important differences. 
The samples represent a wide stratigraphical and geographical range, 
but are nearly uniform in the presence of much magnesia and of shaly 
strata which would always keep the.silica and alumina high. 

The future of this district then seems to hang on the discovery and 
working of occasional patches like sample 172 or the expansion of the 
old natural or roman cement industry now defunct. 

It is very improbable that the roman cement industry in this section 
will receive any development in the near future. At best it could be of 
but local importance, since in the mining of the raw material, the man- 
ufacturer would be at a considerable disadvantage over roman cement 
manufacturers elsewhere. It would be necessary to mine comparatively 
thin veins of material, which are somewhat erratic in their composition. 
Aside from this, it would almost invariably be necessary to sort out some 
shale from between the limestone beds, or to move shale lying below or 
above the stone, in the exigencies of mining the rock. The greatest 
value of the Belmont county limestones will lie in the development of the 
crushed stone industry. 


BROWN COUNTY. 


"This county is covered by the limestones of the Hudson River group, 
almost exclusively. In the eastern edge, the overlying Clinton .and 


48 GEOLOGICAL SURVEY OF OHIO. 


Niagara cover a small territory. The county has never been active in 
the use or manufacture of lime, and reference to the older surveys brings 
no record of limestone analyses having been made. 

Mr. Peppel visited the district and took a series of samples about 
one mile west of Georgetown, on the west bank of the White Oak creek, 
from a bluff known as Bald Point, on lands owned by V. K. Thompson 
and T. J. Andrews. The total face of the cliff comprised in his samples 
is one hundred and forty-five feet six inches. Underneath this, he reports 
that there lies from eighty to one hundred feet of shale, nearly free from 
limestone streaks, while beneath this again, the limestone streaks be- 
come more prominent down to the bed of the creek. 

His results are as follows: 





























Number of sample. 36 87 8S 89 Do 
E E 4 4 = 
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Description. 30 Se = u = 
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UNCE Cg conta pacdnnnms . 13.20 32.80 32.34 31.60 45.36 
Alumina ..............] 4.46 9.12 8.69 10.97 15.24 
Oxide OF ITON 1.2.2044. 1.30 2.30 2.45 2.85 3.90 
Carbonate of caleium ...| 78.05 49.65 50.00 | 47.25 26.25 
Carbonate of magnesium| 2.36 4.12 4.15 5.00 5.06 
Totals ............| 99.37 97.99 97.63 97.67 95.81 


The first sample, only, No. 186, has any interest as a source of lime. 
It has a composition very nearly correct for the manufacture of portland 
cement as it is. It is quite probable that other strata could be picked 
out of the face sampled, rejecting the shaly portions, whose proportion 
of lime would be equal to 86. Altogether, the outlook is not encourag- 
ing for the establishment of a lime industry in this vicinity, although a 
considerable area of stone, similar to sample 86 with very little stripping 
could be made available for cement industry by the laying of about one 
mile of railroad. 

It is worthy of note here that with the increase in the proportion of 
shale, there is a corresponding increase in magnesia. suggesting that the 
stone itself is practically free from magnesia. The stone, provided all 
shale was discarded, would make a very hot, quick-setting, dark-gray lime, 
suitable for masonry and agricultural purposes. 


BUTLER COUNTY. 


The Hudson River group is everywhere the surface rock of this 
county. This formation supports no lime industries at present, because 
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other districts possessing a stone which makes a beautiful white lime 
have driven the gray local product from the field. Its use, for some time 
to come at least, seems to depend on finding other fields than the mortar 
industry. Two districts were sampled by Mr. Peppel, with the follow- 
ing results. 

The first set of samples was taken at Excello, from a small exposure 
at the bottom of a high hill, just east of the C. H.& D.R.R., There 
is more of the same formation in the hill above. 








Number of sample. 66 65 
E & 
< 8 
Description. 8 3 38 
55 FE ; 
ei Zz, =. 
l 
Silica. .. 222 c seen 28.94 31.80 30.37 
Alumina..................-. 10.00 10.95 10.475 
Oxide of iron................ 2.90 3.25 3.075 
Carbonate of calcium......... 52.95 48.40 50.675 
Carbonate of magnesium ..... 2.65 3.25 2.95 
Totals.............-005. 97.49 | 97.65 97.545 


This stone is seen to be very impure in both samples, and offers no 
special inducement for use. 

The second set of samples was taken from a quarry owned and 
operated by Daniel Pabst, at Hamilton. The stripping runs from one 
to six feet. The fifty feet interval below sample down to the river is 
composed almost entirely of shale. 
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Silica 00.0.0... cee ee eee 36.00 29.96 33.86 26.16 | 34.80 32.38 
Alumina................. 12.36 9.55 | 11.56 8.44 | 11.62 | 10.77 
Oxide of iron ............ 3.70 3.05 3.50 2.30 2.80 3.12 
Carbonate of calcium...... 41.60 49.80 44.00) 56.80 42.50 46.52 
Carbonate of magnesium...| 3.57 3.06 3.72 3.58 | 4.72 | 3.69 
Totals............... 97.23 | 95.42 | 96.64 | 97.22 | 96.44 | 96.48 
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This material, as it stands, is much too high in clay matter to be 
useful for lime purposes, or for cement making. It probably contains 
a number of strata of shale which could be excluded in quarrying at small 
increased expense, and which could bring the lime content to a workable 
pass. The fact that the magnesia remains fairly low indicates that it 
would remain low, and possibly be lowered, if the shale strata were ex- 
cluded, and only the limestones included in the test. 


CLARK COUNTY. 


Clark county is covered with limestone strata wherever the solid 
rock is relieved of its glacial covering. There are a variety of strati- 
graphical formations represented, the Hudson River group appearing 
in the southwestern corner, in the deeper valleys, while the Waterlime 
appears in the northeastern corner. The bulk of the territory is covered 
with Niagara formation. 

This district has long been the center of a lime and stone business, 
an industry which is still flourishing. The older reports of the Survey 
have supplied such complete statements of the uniform and excellent 
quality of the stone for white lime purposes that their testimony must 
needs be accepted. The number and uniformity of the analyses cited 
to prove this view bring assurance of astone of high quality. No matter 
how differently the sampling was conducted from present methods, if 
the material had been irregular, some one or other of the samples would 
have shown the fact. Accordingly, no new sampling was done in the 
vicinity of Springfield, which is the chief center of the lime and stone 
industry. For reference, the following tables of analyses made by Worm- 
ley in 1869 and 1870, and Lord in 1886, are given: 


Analyses of Springfield Limestones by Dr. Wormley (1869 and 1870). 


I 
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Totals vie dee ncn secenl 99.60) 99.08] 99.90) 99.95 
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Analyses of Springfield Limestones by N. W. Lord (1886). 


Gg | BS | BE] 5 wer 
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Description of sample. e218 | #8 “a ä | 28 | >2# 

ve) ee) ae | § | oF | Be | UBS 

Silicious residue...............- 0.65 | 0.66 | 1.55 | 0.59 | 0.68 | 1.37 | 7.37 
Alumina and iron.............. 0.56 | 0.42 | 0.39 | 0.39 | 0.37 | 0.54 | 0.96 
Carbonate of calcium........... 54.13 | 53.51 | 53.88 | 53.77 | 53.92 | 53.44 | 50.13 
Carbonate of magnesium........ 44.37 | 44.96 | 43.79 | 44.76 | 44.99 | 44.49 | 40.64 
TOUS essen 99.71 | 99.55 | 99.61 | 99.51 {99.96 | 99.84 | 99.10 





The analyses of the preceding tables are all of the Springfield for- 
mations, at its best expression. 

An analysis of the Clinton limestone, made by Wormley (1869) and 
another, quoted by N. W. Lord, Vol. 6, p. 682, showsa most radical dif- 
ference between this stratum and the Niagara, immediately on top of it. 
Both analyses were made from samples taken at New Carlisle, on the 
western edge of the county. The figures are: ~ 

Wormley 1869 Lord. — 


Silicious matter..............0 ccc ccccccee 0.40 0.83 
Alumina and iron.............0 ccc eee c cee wees 0.29 
Carbonate of calcium..................06. 95.60 96.80 
Carbonate of magnesium.................. 3.93 2.07 

Total nass ers 99.93 99.99 


In order to find out whether the same stratum could be found at 
other points, at the junction of the Hudson River series and the Niagara, 
Mr. Peppel visited Enon, about six miles southeast of New Carlisle, and 
secured two samples, a short distance south of the C.C.C. & St. L. R.R. 
tracks, between Enon and Snyderville. The Clinton is here without the 
usual covering of lower Niagara, and the stripping of soil is comparatively 
light for quite a large area. The analyses show: 














Number of sample. 125 126 
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Silica case seele 0.84 1.00 
Alumina users 1.32 0.60 
Oxide of iron .....ccccccccncccccersccsccs : 0.42 1.70 
Carbonate of calcium ..............ccceees 83.40 54.08 
Carbonate of magnesium ..............206: 13.93 42.42 


Total nee 99.91 99.80 
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These results are disappointing, but foreshadow the situation demon- 
| | strated everywhere by the examination of the Clinton viz., its composi- 
| tion fluctuates and that it cannot be said to have a typical chemical 
1 character. Therefore, its value as an asset for special chemical industry 
like portland cement, or sugar manufacture, etc., would require very 

| thorough local investigation before investment, to determine the exact 
| limits for which a given composition holds good. 


| 
CLERMONT COUNTY. 


This county,’ lying wholly in the area of the Hudson River group, 
| has never had any important industries based upon its lime resources. 
| | The only reference to it in the older work of the Survey calls attention to 
| the fact that the famous Trenton limestone, so valuable in connection 
| with oil and gas elsewhere, is here raised above the water level, being 
the only place in the state where it appears. The following analysis 
by Wormley, 1872, shows the composition at that point. 


Per cents. 
Silicious matter. ........... 0. ccc cece ce eee e eae 12.00 
Alumina and iron........ cc ccm een nn 7.00 
| Carbonate of caleium .. ....... cc cc 79.30 
Carbonate of magnesium...................0e ce eeeee 0.91 
MOtal 3:2: oi. bb at Oks eee eee 99.21 


This material is of a sort which would be interesting to the cement 
manufacturer, if above correctly represents its average composition, but 
unfortunately it does not appear accessible for anyi mportant industry 
owing to its proximity to the average water level of the Ohio river. 

The limestones of the Hudson River group, lying above the Trenton, 
have proved unattractive so far to the scientist or the quarrymen. But a 
single analysis from this county could be found in the older surveys: from 
New Richmond, on the Ohio river. Mr. Peppel has supplemented this by 
two samples, taken from a quarry at the base of the Ohio river bluff ,owned 
and operated by Charles Helmering. The section cut represents the top 
of the lower group of the formation. The section cut was thirty-five feet 
in height, the bottom being about sixty feet above low water mark. 
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| Carbonate of Calcium. ....... 35.00 60.40 86.60 
| Carbonate of magnesium ..... 3.07 3.13 1.13 
TotaB.........2..:22.:» 95.61 97.23 99.93 
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The marked disparity of these results may be due to differences in 
location in sampling, but is more probably due to the differences in the 
‘method of sampling. The method used by Mr. Peppel gives an accurate 
cross section of the strata covered, and tells what a quarry in that ma- 
terial would yield when worked. Doubtless many hand samples of 
clean stone could be taken on which the results reached by Dr. Wormley 
could be duplicated. 

The strata at Bethel, in the eastern county line, were also sampled 
by Mr. Peppel. The sample was cut on the property of J. C. Lovelace. 
The stone at this point is highly fossiliferous, the samples being composed 
of them to large extent. It lies near the top of the formation. Sample 
91, comprising eighteen feet of the top of the quarry, gives the follow- 
ing analysis: 


Per cents 
Siliea. 2200000 18.74 
Alumina ...:. 20er 6.80 
Oxide Of iron oo en 0... cc eee eee eee eee 1.90 
Carbonate of calcium..................... 00 eee eee es 68.50 
Carbonate of magnesium.........: 22222022 seen ee eee 3.06 
Total... ke ee cee eens 99.00 


This does not seem to be an especially favorable showing of the for- 
mation, but its high proportion of silica and alumina, due to inclusion 
of shaly bands, and its low magnesium is typical of the group. 


CLINTON COUNTY. 


This county has never been active in the production of lime or 
building stone, though it is covered on the west by the Hudson River 
group and on the east by the Niagara. No work on the lime industries 
appears to have been done by the earlier surveys. 

The composition of the Hudson River group on the one hand, and 
the Niagara on the other, being better known, it was decided to con- 
centrate the attention of the present work on the Clinton, the thin stratum 
separating these two formations, especially as the older reports claimed 
it to be a high-calcium lime of great purity, at least in places. Accord- 
ingly the point of juncture was examined by Mr. Peppel at three places: 
Lumberton, in Liberty township on the north; Wilmington, in the center; 
and Lynchburg in Clark township on the southern edge. Mr. Peppel 
says as follows concerning these samples: ‘‘On Painters Creek, between 
Lumberton and McKays, and about fifteen miles north of Wilmington, 
there is considerable acreage of stone belonging to the lower part of the . 
Niagara and comparable to that quarried at Wilmington, and repre- 
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sented by sample 107 at that point. There would be a very light strip- 
ping here to uncover five feet six inches to six feet of good stone of the 
same physical character as the famous Dayton stone. Sample 109 was 
taken from here, from the lower Niagara. The top of the stone has been 
planed off smooth, and brought almost to a polish, by erosion of some 
sort. 

‘‘The Clinton limestone was sampled near by, on the farm of Wm. F. 
Oglesby. At the base of sample 110, there is a curly thin-bedded layer, 
darker in color than the upper portion, which consists of a crystalline 
porous stone of reddish color, resembling to a considerable extent the 
samples taken at Enon. Sample 110 was a section of twelve feet thick- 
ness. Sample 111 was the next seven feet below, and was a much 
heavier bedded and harder stone. Two miles west of Wilmington, George 
H. Benlehr, and several others, are quarrying about five feet of a fine 
light-colored building stone, closely resembling the same formation as 
found near Dayton. Sample 107 was taken from the Benlehr place, and 
classed as the lower portion of the Niagara. Samples of the underlying 
Clinton were obtained from the land of John Ballard, about two and one, 
half miles west of town and one-half mile north of Todds Fork bridge- 
the point at which the overlying Dayton stone was sampled. The 
Ballard quarry has long been operated for building stone, the lower 
courses being even in bedding and furnish a fine bridge stone. This is the 
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Figure 1.—Showing a cross-section of Clinton limestone, at the 
Pinkerton quarry, near Lynchburg. 





only point in the Clinton formation visited which showed a desirable 
building stone, and one which could be worked with economy. The 
upper courses are now crushed and used for road metal, as they show 
an uneven bedding and the shale interstratifications peculiar to the top 
of this formation. At other points in this neighborhood, a little of the 
Clinton is quarried for road metal. 
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«At the Daniel Sharp quarry, two miles east and one-half mile north 
of Lynchburg, sample 113 was taken of the same lower element of the 
Niagara represented in samples 109 and 107. Sample 112 was a soft 
shale overlying the limestone. This location is about one-half mile 
north of the R. P. Pinkerton quarry on Turtle creek, where samples Nos. 
114, 115 and 116 were taken from the Clinton. (See figure 1.) 

“The top layers of the Clinton were at one time burned, giving a hot 
gray lime. In the section sampled at this point, there occurs a bed of 
stone about six feet thick, which carries layers of flint nodules, one for 
each foot in height. A thin deposit of shale forms a cap for this bed. 
The flint bed is represented by sample 115, and comes in the middle of 
the section, as may be noted from the drawing. The stripping is not 
heavy at this point. It is not far from this, however, to points which 
show the Dayton stone or lower Niagara.”’ 

The samples taken in each section include at least one member from 
the lower Niagara, as this formation would have to be stripped off to 
get at the Clinton. The analyses are given in the following tables: 
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burned. The quantity available and its distance from transportation 
facilities make it seem impossible that it will be developed, unless it is 
found in larger quantities in the hills to the south and west, in Jefferson 
county. 


CRAWFORD COUNTY. 


The western half of Crawford county is overlaid with the Cornifer- 
ous limestone of Devonian age. The country being flat and drift cov- 
ered, the stone shows out in but few places. 

The Broken Sword Stone Company, at Spore, on the T. & O. C. R. 
R., are operating a quarry with modern equipment. Mr. Peppel states 
that the stone is blue or grayish in color and thin bedded. The lower 
courses are heavier and furnish some handsome building stone. No 
samples were taken, but the two following analyses were obtained from 
the firm: 
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The strong difference between the single sample and the averages 
confirms Mr. Peppel’s assumption, that the single sample is from the 
lower stratum only. This corresponds to the differences existing else- 
where between the upper, thin-bedded, Delaware limestone and the 
heavy, thick-bedded, Columbus limestone which underlies it. 

No other working of note occurs in this county at present. 


DARKE COUNTY. 


This county lies wholly within the Niagara formation. The char- 
acter of the stone has been made clear in the older Surveys, showing it 
to be a purely dolomitic stone, as is the case in this formatior elsewhere. 
The lime industry or the quarrying of building stone has apparently never 
been an important business here, though quarries have been opened for 
local use in a number of places. 
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The analyses of the stone of this county compiled from the older 
reports, together with two new ones by Mr. Peppel, follow: 


Analyst Wormley.| Wormley.| Wormley.| Orton. Peppel. | Peppel. 
Number of samples — — — — 31 32 
£Es LE a 
os 5 F Tb: offs 
Description 3 8 25 2 u é EN & BE > 8 
Zep | =e | =e | 3% Eee Bees 
csi} ga | $2 | £ | s283 | Babs 
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Silica...... 0... .. cee eee 0.61 0.88 0.60 
Alumina..........+..--. } 270 | 220 | 460 | 037 | 084 | 0.70 
Oxide of iron............. tee un ER nn u nn 
Carbonate of calcium...... 51.70 51.30 44.60 61.33 54.70 55.50 
Carbonate of magnesium... | 45.72 45.72 50.11 37.68 43.38 43.68 
Totals............... 100.12 99.22 99.31 99.99 99.80 | 100.48 





The two recent samples were from a quarry several miles east of 
Greenville, near Gettysburg. The only opportunity to get anything was 
a pile of quarried rock, from which no idea of the section could be ob- 
tained. The new analvses confirm the old, entirely, as to character of 
the rock. 


DEFIANCE COUNTY. 


This area is covered with the Devonian shales “in the upper and 
larger portion. The Corniferous limestone is the surface rock in the 
southern edge of the county. There has been very little work done in 
the quarrying of lime here. There is an interesting roman cement in- 
dustry near Defiance, founded on the burning of the shales which lie on 
the top of the Corniferous limestone. These shales are locally carbonif- 
erous, which assists in their burning, and also calciferous, to an unusual 
degree. They also contain pyrites in bands, which is troublesome, as 
it is detrimental to the cement to have this sulphur go into the mixture. 

The Corniferous limestone was sampled by Mr. Peppel at a point 
four miles southwest of Defiance, in the bed of the Maumee river, not 
far from the low water channel. The quarry belongs to Snyder Brothers. 
They dike the water out of the quarry, at ordinary stages, without much 
difficulty, especially in the summer. The limestone is blue-gray in color 
with numerous flint layers. The bedding is not altogether even. The 
stone is probably the Delaware phase of the Corniferous, though lighter 
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A consideration of these three sets of analyses discloses the fact that 
the Clinton shows, in its upper strata, for thicknesses varying from nine 
to fourteen feet, a low percentage of magnesia, accompanied with high 
percentages of lime, and a composition favorable for portland cement 
manufacture. The lower portion is in every case magnesian to a greater 
degree than is common in the underlying Hudson River formation. It 
is overlain with beds which Mr. Peppel diagnoses as lower Niagara, and 
which in two of the sections are strongly magnesian, but in the third 
case are as pure a high calcium lime as can be found in the Clinton or 
elsewhere. The physical or lithological character of the three strata 
which vary so markedly in composition he reports as being very similar. 
Whether the stratigraphical interpretation be correct or not, it is cer- 
tainly true that a formation of low-magnesia, high-calcium lime to the 
aggregate thickness of seventeen feet six inches does exist at the Lum- 
berton quarry. 

The economic significance of these facts is that this county con- 
tains, in addition to the usual white limes which are so highly prized for 
mortar material, also a narrow band of pure limestone, at present mainly 
used for building stone, which would make an undesirable mortar lime, 
but may become vastly more valuable for use in the chemical industries 
when pure limes are needed. | 


COLUMBIANA COUNTY. 


This territory lying wholly in the coal measures has no large or 
important limestone beds. The lowest formation represented above 
drainage is the top of the Pottsville, whose limestones, the Upper and 
Lower Mercer, are here thin and of no economic importance. The great 
part of the county lies in the Allegheny group, which carries the Ferrifer- 
ous limestone near the bottom, and the lower Freeport limestone at the 
top. The former is unworkable, but the latter is favorably used for a 
hydraulic or roman cement, on a small scale. The tops of the hills, 
especially in the south, are made up of rocks of the Conemaugh formation, 
in which the upper Freeport or ‘‘White’’ limestone of Newberry is 
locally rather prominent, though but little use has been made of it. 

The Lower Freeport limestone has been analyzed frequently in con- 
nection with its use in the cement plant. The industry has been a small 
one for many years and shows no tendency to growth. Whether the 
limestone is the limiting factor or not, can only be surmised. 

The methods of burning and grinding of the cement produced could 
certainly be much improved and cheapened, but the stone is present in 
but a thin vein, and while it can be gotten to supply a small plant, might 
not be obtainable rapidly enough to supply a large one. 
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| Neglecting the analyses made by Schweitzer and Wormley in 1869 
and 1870, the following five by Professor Lord have been compiled, to 
which are added Mr. Peppel’s recent work: 























Analyst. | Lord. | Lord. | Lord. | Lord. | Lard. Penpe. Peppel. 
885 | 835 [551 [ey] [ea galige [eee 
ges | veo [eee [e832 |e3,2]335 [ae 
Sewer) S| JE (Ese (see les. IE - 
se 2) S48 | Sus — Bus 555 a6 = Pa 
Description, | =. se Poe |ba* |Be* |} a 3 ae Sma 
MSE) ae [ae |e, | eer | ee a 
| #85 as A a sai & . a 
„DIE bem |e gee |e ose |b oS | ee Sel ee 
| BEES) OS | §SEE| FO5R| $05 5/'55s) 8555 
= Bo) GM a: am |: An | os LI STD | Came 
— | +4 — — = —_ — 
Silica. Wahi Raat cate eer einen ae 9.01| 12.63) 33.93) 36.69) 15.65] 17.76] 25.44 
Alumina meee eee e eee eee e eee 3.38| 5.04) 14.30} 15.17} 6.80! 7.94] 10.62 
Oxide of iron... ee Re nee 2.43| 4.29| 4.82} 2.50| 1.86] 2.34 
Carbonate of calcium........... 85.55| 75.51) 35.56] 27.22] 69.00] 66.25} 55.59 
Carbonate of magnesium........ 2.82| 3.86] 6.09} 7.83) 3.40] 2.82] 2.14 
Total... bod vias seeks 100.76} 99.49) *94.17| 191.73] 97.35) 96.63] 96.13 . 


*Combined water and moisture 5.20. Total 99.37. 
tCombided water and moisture 7.60. Total 99.33. 


Of these, all but the last are from the Robbins cement plant or its 
vicinity. All these results confirm the fact that the Robbins cement, 
while manufactured like any other roman cement, is a low magnesia 
material, differing widely from the Louisville and other cements with 
which it competes. 

West of Wellsville and north of Irondale there appears in the tops 
of the highest hills a bed of crinoidal limestone, about ten feet thick, 
which was at one time used as a flux for the blast furnace operated at 
Irondale many years ago. A sample was secured by Mr. Peppel from a 
deserted quarry. The sample covers a section of seven feet. There 
was, however, from two to three feet more that could not be readily 
reached. The stone is firm, gray, fossiliferous, hard and brittle and 
would quarry easily. At the point sampled, a few acres could be ob- 
tained with light stripping. The analysis follows: 


Per cent 

| Pepe a Dee a Meloni tata sep. ek ae ae Bed op ke 6.50 

VEN Ne et ac cd Sa a ES GS Bares 1.87 

none Oxide of iron... -....::: oo oo 0.71 
; * |Carbonate of caleium...................0...0 002. eee 89.70 
Carbonate of magnesia..........:2.- 22222222 c eee eee 1.20 

Total Seren nee ee ae ee 99.98 


This stone would be excellent for portland cement, but would not 
make a good lime for any but agricultural purposes. On account of the 
high silica, it would have some hydraulic properties when properly 
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He says that the analyses of blue cap rock from Kelley’s Island, showing 
such remarkable purity, was made from only one piece of the stone, and 
thinks the stratum would not afford such material as an average. 

















Analyst. | C.R.M. Co. Lord | Lord | Lord Lord | Lord 
| = ——— |= 
Name of quarry. KelleyIsd.| Calkios | Kelley Kelley Kelley | Kelley 
*Date of analysis. | 1884 1386 | 1885 1888 1838 1888 
=—- ae le Ge a = 
> = w E | . Bu i A © 
„® [= ry rat = 8 5 
- rn 2 85 55 = 
Description of sample. =] 5 a od by == hs 
es | oe. | 88 | || > 
oa ER = a. | 
bse) ss | B85 | #2] ese) § 
5 com 5 cr) | a 
AE os oe Guia genera wetale ie 1.81 1.60 0.85 1.49 1.05 1.65 
Alumina and iron......... 0.75 0.40 0.27 0.15 0.20 0.14 
Carbonate of calcium. Pika . | 87.50 71.17 97.28 87.10 89.16 Tia 
Carbonate of magnesium... 9.75 26.32 2.00 10.96 9.48 20.19 
OR a pki ce 99.81 99.99 100.40 99.70 99.89 99.20 








In addition to the limestone, there are or have been somewhat ex- 
tensive beds of marl, and a hard lime deposit of recent origin, called 
travertine. These have given rise to extensive portland cement in- 
dustries, and all the land on which the deposits are found have been 
anxiously acquired. In fact, one firm, after a number of years of very 
successful operation, is now approaching the end of its available supply. 
These marl beds are thought to be lake bed deposits and never of great 
area, 80 that while they are of great value when discovered, if of proper 
thickness and accessibility, still they are not to be construed as an asset 
of importance equal to the great rock formations whose permanence is 
assured. 

The composition of the marl and travertine are sufficiently indicated 
by the following analyses quoted from Klippart, Rep. Pro., 1870, p. 379. 








£ q a 

& é 3 

EN ©. 8 8 

Description of samples. < 9 £ E 

Bo) af | 

ah =” 3 
Silica. een era te 0.175 0.075 0.111 
Alumina and oxide Ol (TOD ee 0.862 0.362 0.012 
Carbonate of calcium. MEERE TEHH TURN 87.775 97.726 92.410 
Carbonate of magnesium ................ 2.209 1.480 2.853 
Sulphate of baryta..........e.cceeceeeee 0.910 0.356 | ...... 
Water and loss... . 2. ccc ccc cece cece cece 8.069 | ...... 4.525 
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There is no purer source of lime anywhere obtainable in the large way 
than many good marls. Nevertheless, there is a considerable difference 
of opinion as to the relative advantages which hard limestone and soft 
marls offer for portland cement manufacture. At one time, the opinion 
seemed strongly in favor of marls as the most desirable, but this belief 
seems to have recently lost ground. In any case, the use of the solid, hard 
limestones will ultimately become nearly universal, as the scattered marl 
beds are worked up. They do not seem to promise to become assets of 
great permanent value to the community. 


FAYETTE COUNTY. 


Though covered exclusively by limestone as the nearest superficial 
rock, this county is singularly devoid of industrial development of its 
lime or quarry industry. The only references found were analyses from 
two quarries, probably long since abandoned, but which suffice to show 
the characteristic stone of the Waterline formation, in which they are 
located. 

The results are given below. The analyses were by Wormley. 


u # i & | | 
aS af a6 FE 
=: = fe ra 

| = FE i 2.0 Zoo 
Description of samples. 2 2 5 Fa 5 > 5 BE 
- ¢ Pr =, = = |. 

SB | Sa | s&s | ges 
SL = =P = te 
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ony: | i 
Silica. FR es adn een nenne nennen 6.00 4,50 3.60 2.80 
Alumina and 1TOM.. 1. nec w ee ee aceneenavan 2.30 2.60 2.20 2.90 
Carbonate of caleium..........ccaccacceueus 52.40 53.60 54.00 53.60 
Carbonate of magnesium......... sare th ba 38.73 38.30 39.50 40.28 














BOB engeren 099.43 99.30 99.30 99.38 





The text states that the Rittenhouse lime had an approved use in 
its locality as a hydraulic lime, but this seems hardly borne out by the 
analyses which are too low in silica and alumina to foreshadow much 
hydraulicity. 

FRANKLIN COUNTY. 


Substantially one-third of the county, its entire western end, is 
covered with the Corniferous limestone in two formations, the Delaware, 
a thin, shelly, often flinty limestone, of little value for anything but crush- 
ing, as it appears in this territory, but furnishing excellent hard building 
stone to the north; and the Columbus limestone, a massive bed forty to 
fifty feet thick, and of great value for lime, for building, for flux, for 
crushing, in fact, nearly all purposes to which a limestone may be applied. 

These stones are quarried upon an enormous scale about four miles 


west of Columbus, on the Scioto river. The industry is an aie the 
stone having been worked for many years prior to the 
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Capitol, in 1855-60, which event gave a great impetus to the quarries. 
In recent years the old business in building stone has largely dropped 
away, but has been replaced by a much larger one in the production of 
crushed rock for ballast, for concrete, etc. 

The studies of the early geologists have left the nature of this stone 
well known. The results reached by the previous Surveys are collated 


herewith: 
Analyses of Columbus Limestone. 


ee ee m 





ee nn 


Lord, | Lord. | Lord, sews | Mees. | Mees, 



















































Analysts. Lord. 
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Silica. eee a Venera 4.25| 5.80) 4.90) 4.95, 141 1.94] 3.20 
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Oxide of iron..........0c.se0. } 0.26 1.30) 0.09) 0.46) 2.18] 1.08) 0.80 
Carbonate of caleium............| 94.19) 87.25) 89.60) 90.77) 93.28] 81.14| 94.80 
Carbonate of magnesium....... -| 1.29) 5.26) 4.41) 3.26) 2.69) 16.00) 1.21 
fami ae) Et | | 
Sn WO EEEREEERTE 99.99| 99.61] 99.00] 99.44| 99.56] 100.16] 100.01 





The work of the present organization was confined to one set of 
three samples from the Columbus quarries, and one sample from Morgan’s 
station, in the southern end of the county, both taken by Mr. Peppel. 
His remarks follow: 

“The various Columbus quarries are located on either side of the 
Scioto river, extending for several miles above the State Hospital for the 
Insane. The stripping is usually light and the quarries self-draining. 
Occasional vertical mud seams are met, some of which are as much as 
three feet in thickness. The economic conditions here are excellent for 
cheap production. 

“Samples were taken from the Taylor-Bell Company’s quarry, on 
the west side of the Scioto at Marble Cliff. 

“The Delaware formation here shows only as a very impure slaty 
material. It is comprised in sample 101, taken from six feet six inches 
of vertical section. No. 2 was the next eight feet below, which includes 
a layer high in phosphorus, and which is rejected for fluxing purposes 
on that account. This stratum is used only for building stone or for 
crushing purposes at this point. Sample No.3 represents the whole 
remaining section of the quarry, about thirty-eight feet, which 1s com- 
posed of massive courses, evenly bedded, and satisfactory either for a 
flux rock or heavy construction. The phosphorus ranges from 0.008 
to 0.002 per cent. This locality furnishes more flux to blast furnaces 
than any other locality in the state. 
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‘Sample No. 4 came from land owned by the State Institution for 
the Feeble-minded, at Morgan’s Station. The quarry from which it was 
taken was a shallow one, and was not being worked at the time. The 
total height sectioned was about thirteen feet. The stratum known to 
paleontologists as the Eridophyllum bed was the top of the section.” 

The analyses follow: 








Number of samples. 1 2 a 4 

seen | Set [nee © 
Bas | Easy | Ess = 
4.55 | 8828 | $5425) 5 
eos _ co - Dı@EE . 
oe "Se | Zu. [SORE Se 

Description. a! a "Ss |lancdc- = 
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Ps ag kn me aw rc cele eR ow ae dee 30.06 10.30 2.30 1.54 
Alımina. .::as00 Hs en 3.08 1.15 0.70 0.48 
Omide of iron... :: m 22as 22.20 0.10 0.05 trace trace 
Carbonate of calclum............ 54.60 81.60 91.66 88.85 
Carbonate of magnesium.........| 10.45 7.62 6.06 9.82 
A nn 05.29 100.72 100,72 100.69 





Mr. Peppel’s samples, representing faithfully the composition of a 
cross section of these great quarries, are valuable especially in conjunction 
with the testing oi the former work. It tends to show: 

First: That the Delaware formation, which is low in magnesia in 
its upper layers, but magnesian in its lower portion, is represented in 
Columbus by the lower portion or that the whole stratum has undergone 
a change in composition. The former is the more probable. 

Second: That the Columbus formation, the heavy bedded courses 
below the Delaware, is characteristically rather low in magnesia. The 
average figures include undoubtedly some strata higher in magnesia than 
others. But, with the average as low as six or seven per cent., and with 
numerous individual samples showing from 1.25 to 5.25, it seem highly 
probable that considerable bodies of low magnesia stone of portland 
cement grade may be obtained. As to its fitness for white lime, its heat 
on slaking makes it unpopular with builders, but as mechanical slaking 
and mechanical mortar-making gradually supersede the primitive method, 
the excellent mortar-making qualities of this lime are going to be more 
and more recognized. 

Third: It seems sure that for any chemical industry requiring high- 
calcium lime, that great care and constant attention would be required 
to keep the composition uniformly good. The magnesia is often low, 
but its average is put above the danger limit. Its satisfactory use for 
so many other things makes it seem doubtful if it will be selected for the 
basis of an important cement industry. 


5-8. G.—Bull. 4. 
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GALLIA COUNTY. 


The western edge of Gallia county, especially in Greenfield township, 
contains the Ferriferous limestone in good development. It has been 
quarried at Gallia Furnace on a small scale, about seven thousand tons 
having been taken out by Isaac Hall. The stone here is about six feet 
seven inches, not quite up to the phases shown either north or south of 
this point. A sample was taken, but was lost in transit. Without doubt 
the stone is similar to the Eifort or Olive furnace products, as it is free 
from flint and looks as good as this formation does anywhere. The areas 
in this vicinity where it could be gotten are fairly large. 

To the east and southeast, the Ferriferous soon goes under cover; 
the upper limestones of the Freeport, Cambridge and Ames horizons 
come in, but so far as is known not in workable thickness. 


GREENE COUNTY. 


Greene county has been the site of important lime industries for 
many years. The territory is almost evenly divided between the Hud- 
son River series on the west and the Niagara on the east, with the Clinton 
showing between the two in many sections. 

The lime industry has attracted the attention of the early geologists, 
so that the character of the stones which have received commercial de- 
velopment is very well known. These comprise the Niagara limestone 
almost exclusively, which manifests here the most beautiful uniformity 
and purity as a type of dolomitic limestone. Where impurities occur 
in the form of flint, or clay, they simply cut down the quantities without 
altering the proportions of the lime and magnesia to each other. The 
following analyses with one new one by Mr. Peppel sufficiently illustrate 


these facts. 
Analysis of the Niagara Limestone. 






































Analyst. | Worm ley. Lord. | Lord. | bi aig = | Peppel, 
Date. | 1869. 1888. 1888. | 1860. | 1902 
Locality. Yellow Springs. | Yellow Springs. Cedarville. | vous: ae 
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Alumina and oxide of iron} 2.00 | 1.40 | 0.51 | 0.76 | 0.57 | 0.53 | 1.00 | 0.76 
Carbonate of caleium....| 54.75 |51.10 |53.98 |50.75 | 53.95 | 53.90 | 54.90 | 54.50 
Carbonate of magnesium .| 42.23 | 41.12 | 44.56 |41.86 | 44.62 | 44.58 | 43.35 | 43.33 
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The new sample, from Port William on the southern edge of the 
county, came from a shallow quarry in the village limits, which is used 
for lime exclusively. Its composition proclaims its stratigraphical 
horizon. 

Besides the Niagara, there have been occasional openings made 
into the Clinton, or at least lower beds of the Niagara than those used 


at Yellow Springs and Cedarville. 


The following analyses are reported from these openings: 


Analysis of Clinton or Lower Niagara Limestones. 





























Analyst. Lord, | Lord, Wormley. 
a ae = — — 

Date. 1885 | 1888 1870 
Locality. Osborn, Osborn, Xenia 

en a = ia 

4, | se | & 

z+ ce |». 

Description. 8 ue =a 
te 29 a ¢ 
se | 35 ras -Q 
= =) | 5m 8 re a 
Silica.......... BEIDES ER EREEITDERLERRNN 0.70 | 2.20 
Alumina and oxide of iron................ 0.3 0.41 2.00 
Carbonate of calcium..................... 97.09 97.14 84.50 
Carbonate of magnesium ................. 0.82 1.21 11.16 
Total net 99.91 99.46 99.86 





The Xenia sample is thought to be the “Dayton” stone, the white, 
crystalline, very dense stone so largely used as a building material in 
Dayton. Its analysis seems to show that it is not the Cedarville or 
Yellow Springs stratum. The Osborn samples are referred to as the 
Clinton, in the early volumes, and attention is called to the Clinton for- 
mation as the source of such pure high calcium stone—the New Carlisle 
and Osborn samples were used to illustrate this fact. 

The attention of the present Survey in this county was largely 
directed to finding whether the Clinton really may be depended on to 
furnish stone of this character in other than occasional patches of small 
area. Mr. Peppel’s work was along the edge of the Niagara and Hudson 
River formations, or in sections where both could be seen,rather than in 
the well developed and well understood quarries of the Niagara. 

Two careful sections were made, one at Yellow Springs on the north, 
the other at New Jasper on the east center. The Lumberton sample in 
Clinton county was almost on the south line of Greene county and hence 
establishes our knowledge of the formation in a row of points. 
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Mr. Peppel says of these samples: ‘The Yellow Springs samples were 
taken on the Sheldon place, about one mile south of town, in which the 
commercially known quarries (Niagara) are located. Sample 127 lay 
near the top of the Clinton, and consisted of layers of uneven red and white 
crystalline stone, with numerous thin shale bands. No. 128 consisted 
of heavier beds, still uneven in bedding and having some layers which 
were hard and some which were soft. No. 129 was in still heavier beds 
but porous and soft. This sample reached very near if not actually to 
the bottom of the formation. 

“The New Jasper samples were taken from a quarry being actively 
operated by Boots, Bales & Conklin. There is a rather heavy stripping 
here to uncover the stone. The quarry cuts through the lower Niagara 
into the Clinton, exposing both formations very nicely. The following 
section represents the strata; it may be said to be an average cross-section 
of the Clinton as seen in this investigation. 
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Figure 2.—Showing a cross-section of the Lower Niagara and Clinton 
limestones as seen at New Jasper. 


“The only use to which the Clinton rock is put here is for crushed 
stone or ballast. The Niagara stratum, or Dayton stone as it is thought 
to be, is a white, even-bedded stone of excellent quality for building 


? 
purposes.”, 
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The analyses of these two sets of samples follow: 
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A study of these results is somewhat disappointing. In neither 
locality is the promise of the Osborn sample made good. Admitting 
that Mr. Peppel’s identification of the strata is correct, and there is no 
reason to doubt it, the Clinton is again shown to adhere closely to no 
type of composition. The Yellow Springs samples all are highly mag- 
nesian, and worthless for cement or other chemical uses. The New 
Jasper samples on the other hand show a marked falling off in magnesia, 
but unfortunately not a proportionate rise in calcium, as the silica and 
alumina and iron are all high. 

No. 131 might be used in cement, but as a formation the results are 
prohibitive, and the use of one stratum alone for a special purpose is not 
warranted, except where the product commands a high price. Cement 
works require enormous quantities, handled cheaply and sorting operations 
are commercially out of the question, though technically possible. 


GUERNSEY COUNTY. 


Guernsey county lies wholly in the coal measures, its surface for- 
mations comprising the upper portion of the Allegheny and the Cone- 
maugh on the west, and the Conemaugh and Monongahela in the center 
and east. The limestones of the Allegheny are unimportant, being thin 
and unworkable for an industry of large size. The Cambridge limestone, 
in the Conemaugh, is locally well developed, taking its name from the 
county seat. It is valuable more as a stratigraphical guide, however, 
than as a source of lime. But one analysis can be given from this vicin- 
ity, and it is not surely known as Cambridge, but probability points to 
this origin. The analysis is by Wormley, in 1870, but no details or 
reference to it elsewhere in the report can be found: 
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Analysis of Scott’s Limestone, Cambridge. 


Per cents. 
Silicious matter. ..... 0.0.0... ccc cece eee eee eneeeas 30.60 
Alumina and iron... ......... 00... cece ccc cece ee eeees 3.60 
Carbonate of lime............ 00... 0c ce cc cece ee eee 64.60 
Carbonate of magnesia.............0. 000. seen 1.20 


The thickness of the Cambridge limestone is reported to be from 
five to even twelve feet in this vicinity, but no workings now open could 
be found to sample. The low magnesia in the Scott analysis is sig- 
nificant. It is highly probable that other exposures can be found in 
which silica and lime would reciprocally vary, but the stone is usually 
low in magnesia and therefore has possibilities for portland cement work. 

In the eastern and southern part of the county, the Pittsburg and 
Meigs Creek coals are uniformly present, with the limestone above and 
below them, which are noted in much more important degree to the 
southeast. But one sample was taken, at Cumberland, in the south- 
western corner of the county, on the border of the Pittsburg and Meigs 
Creek limestone areas. The sample was obtained from the following 
section, of which a part only is here given: 


Feet. Inches. 


Buff limestones................. 0000000000 40-45 0 
Purple and green shales...............22222222000 
Meigs Creek coal (NO. 9)....... 2222222 ce 4 0 
ireclay,... 0... cece cee eee eee teens 2 0 
Sample {Limertot wee twee eect eee ee tenet ee tenes 7 0 
Shale with kidney ore at base.................. 20 0 
Sandstone. .......... 0.00. e cece teens 18-20 0 
07 7: 1 2 4 


Some time was spent in search of an opportune location to sample 
the upper group of limestones, but none was found, and in view of the 
number of similar samples taken it was not deemed wise to go to the ex- 
pense of making excavations where strata were only partially exposed. 
Of the sample taken, No. 153, Mr. Peppel says, ‘‘No. 153 came from J. 
M. Hunter’s farm, three-fourths of a mile south of Cumberland. The 
stone had heen quarried at this point for local use. The workings were 
on a small scale. The thickness of the vein sectioned in the sample was 
seven feet.” 


Per cents 
(Silica... 0... ee eee een eee e eee nes 7.24 
Alumina....2:::: oo 00000000 cee eens 1.48 
Sample {Oxide of iron.......00000000 000. ene 1.20 
153. Carbonate of calelum.............0.... 00.02 eee eee 87.47 
Carbonate of magnesium................. 0000000 e eee 2.40 
Totals... 00 eee e eee 99.79 


This is a good cement rock, though the thickness is at a minimum. 
The quarrying of the stone would be greatly facilitated, however, by 
the winning of the coal, which would leave the stone available for blasting 
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and loading with only two feet of fireclay to handle. It is highly prob- 
able that search in this locality will open up other well situated areas of 


this material. 
HAMILTON COUNTY. 


This area is wholly covered by the Hudson River group of rocks, 
which are the only strata visible in the county in valleys or hill tops. It 
seems to have been concluded by the geologists of the early Surveys, 
that no good lime could be made from these beds, as very little work was 
done in pointing out the composition of the limestones which are the 
predominant feature of every section. Their thickness and constant 
intercalation with thin shale bands seemed to the lime burner an in- 
superable obstacle. The lime produced in a few trials was gray and 
hence the beautiful white limes of Cedarville, Springfield, and other 
Niagara localities superseded the dark lime produced locally for most 
purposes. The dark high-calcium lime produced was used for the build- 
ing of cellar walls, and six or eight pot kilns have been kept in operation 
for a great many years, and are still at work, supplying lime mainly for 
this trade. 

The use of limes for other purposes, however, changes the point of 
view somewhat, and the intercalations of shale strata is not so serious a 
matter as it was once thought to be, if the stone itself is favorable in 
composition. That it might prove so, these two old analyses gave ground 
for thinking. No later figures could be obtained. 


Analysis of Cincinnati Limestone. 











Analyst. Locke. | Wormley. 

Date. 1838. 1872 

Silica or silicious matter..................0000 eee 2.57 23.48 
Alumina or iron and alumina..................... 3.15 ‘3.40 
Carbonate of calcium ....................0 0c ue. 90.93 71.30 
Carbonate of magnesium......................... 1.11 1.89 
Water 22220 ori 1.13 . 
en ~ 98.89 | 100.07 


The Wormley analysis was from the ‘River Quarries,’ probably, 
therefore, the lower member of the Hudson River series. Nothing is 
known of the Locke sample. 

Two points were selected to represent the strata of this county, 
viz: Glendale on the northern edge, and Cincinnati on the south. Mr. 
Peppel’s observations and results follow: 

“The Glendale stone was sampled three miles west of town, on a 
farm owned by Charles Fields. : It occurred ina bare bluff, almost ver- 
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tical, and about 110 feet high. A few small globular masses of vivianite, 
or phosphate of iron, were found in the sand and loam deposited by a 
small stream a short distance below the point sampled.” 


Analyses of Glendale Limestones. 














Number of samples, 71 70 69 6s 67 
ee ee) N SEHEN EB, VE 
= + =a ¥ 2 
Descrinti ere =e 2 ss 25 
escription. = = 9 BR - = 2 
of | 23 | S28 | Se | Se 
om zz oO ra = 
| re 
Sih Sis hae sate e eaten .| 24.26 | 29.80 | 38.30 | 31.30 | 52.38 
Albinae 's fa4 sa emeddeneces arses 2 7.99 10.05 13.35 11.47 18.64 
Oxide of iron 14444440: eh 265 | 255 3.65 3.25 4.60 
Carbonate of calecum .... 46. sa ur 60.40 20.08 39.00 45.00 13.20 
Carbonate of magnesium........... 2.80 4.40 4.84 6.10 | 5.36 
1) | eh PC - 98.10 | 97.75 | 96.04 | 97.12 | 94.18 





The Glendale sample holds out no promise of economic value in 
the lime or cement industry, as the proportions of clay are too high in 
the purest of the five samples taken. No. 67 becomes merely a some- 
what calcareous shale. The magnesia also seems higher throughout than 
in most other places in this formation. 

“Eight samples were taken from the Davis quarry at Cincinnati 
and adjacent properties which are located near the Avondale power 
house, on Hunt street.’”’ The analyses were as follows: 


Analyses of Cincinnati Limestones. 


























' Number of sample. 76 72 13 74 | 75 | 7 92 93 

5 a ae 5 | >. 

> oe eo or = = Ck ON 

et | we ed ae ae bee, | cé | = 

Description. sa z 2 = | = = 3 : - R 2 = 2 

= =F | #8 “BE >56 Bes | 5 “6 

5.2 Hd Mg “od Hg See A; 23 

ge | ef EEE ER: 

DIT CA nee 33.60! 20.66! 30.28; 33.08} 30.00] 36.84 38.00 25.04 
Alumina............... 12.00! 7.74! 10.30] 10.78; 9.80) 11.14] 13.80} 9.38 
Oxide of iron........... 3.70; 2.10; 2.40) 2.80} 2.30} 3.301 2.801 2.80 
Carbonate of calcium... . 43.35, 63.70; 49.60) 46.60) 51.45) 40.90) 38.72) 58.08 
3.581 4.46) 4.19| 3.75] 4.15] 3.80) 3.02 


Carbonate of magnesium.| 2.65) 


ee et ee ee eed 


None of the above evince any important fitness for the lime and 
cement industry. The material as a whole would make an excellent 
basis for the portland cement. industry, if it were worked in connection 
with a pure stone which could bring up the lime to about 74-75 per cent., 
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with proportionate losses in the other ingredients. Doubtless consider- 
able shaly matter could be rejected from the above stone in working it, if 
it were desirable to do so. But the intent in this work was to determine 
what the whole section would give, if taken in such ways as would enable 
economical handling. Sorting on a large scale is out of the question. 
These results do not confirm the promise of the Locke analysis, nor 
do they encourage the idea of utilizing the Hudson River limestones of 
this vicinity for such purposes as are now in prospect. This lack of 
confirmation is probably due to the fact that the earlier workers did not 
include in their samples shale which is always intercalated with this stone. 


HANCOCK COUNTY. 


The Niagara occupies the eastern half of the county and the Water- 
lime the western half. These stones are both capable of opening up 
and working in many points, but the flatness of the country, the uniform 
and often heavy coating of drift, and consequently heavy stripping and 
lack of heavy local demands for lime or stone, make the production of the 
quarries small. The industry has been carried on at Findlay for a long 
time, using the lower portion of the lower Helderberg formation. The 
quarries in 1888 were but about eight feet in depth. Dr. Orton gave an 
account of its irregularity in his 1888 report. Mr.Peppel reports as follows: 

“The Findlay samples came from a quarry operated by Tarbox 
& McCall, on Factory avenue, who are burning lime and producing 
crushed stone. The stone was a thin-bedded and somewhat irregular 
one, of a blue-brown color. It showed the concretions mentioned by 
Dr. Orton in his early reports as being found in the Waterlime formation. 
The local terms for these are ‘Turtlebacks’ or ‘Niggerheads.’ There 
are numerous shale-like lavers in the quarry. The stone does not stand 
the weather very well. The stripping is very light. The total depth 
now quarried is about twenty-one feet.” 

The analyses of the two reports are given together: 


Analyst. Lord. | Lord. | Peppel, Peppel. 























Number of sample. — | — | 21 20 
| tr 
u x p. 
3 | 4 = 8 
s | *; | ¢g rf 
Description. = | sg 5 6 
eu a. at er 
oh: 23 és i 
< fe Zz 
ace Sate Sale ei alan aaa Bis aee heed 1.55 8.00 0.92 1.36 
Alumina ns... en 
Oxide of iron.................. 21.009 en une 0.96 
Carbonate of caleium............ 53.88 49.62 55.50 54.90 
Carbonate of magnesium......... 43.79 10.04 | 43,40 43.42 





Total... 99.61 99.72 | 100.34 | 100.64 
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It is evident in this case, that the method of sampling used by Dr. 
Orton did not in this highly regular and uniform material produce any 
different results from the cross sectioning method used by Mr. Peppel. 
~ This could not be the case in strata of mixed or varied character, however. 

The lime is thus seen to be a typical dolomite, of high class, as to 
composition, though its physical features were pronounced unfavorable 


by both observers. 
HARDIN COUNTY. 


This county is practically covered by the Waterlime formation, 
though the Niagara invades the southwestern and northeastern corners 
for small areas. There has never been any large lime industry in this 
county, though its resources are undoubted. In 1888, it was not listed 
as a lime producing county at all. In 1903, it had taken place in the 
list as a limestone producer, though not on a large scale. Mr. Peppel 
Says: 

“The Kenton samples were taken from a quarry operated by Locey 
& Company, two miles southwest of Kenton and one-eighth of a mile 
from the Big Four railroad tracks. This firm is operating for crushed 
and building stone. The stripping was about two to three feet. The 
stone was all thin-bedded and dense, carrying some impurities. The 
bedding was also uneven. Sample No. 40, representing the top five feet, 
was buff in color; 41, representing the next ten feet below, was blue.” 


Number of sample. 40 41 

= 

BE 

3 Es 

Oo :2 

Description. 3 = 

- of 
ae =A’ 
~~ = 
32 EEE: 
Silica... 00... eee ee eees 3.06 1.80 
Alumina .............0.0. 00... e ee eee ees 2.10 1.04 
Oxide of iron .. . 22.2: cc con trace trace 
Carbonate of calcium .................... 52.55 53.50 
Carbonate of magnesium.................. 42.12 43.10 
Totals ............0. 0... ee eee 99.83 99.44 





This stone is a typical showing of the Waterlime, and proves that 
the county could enter the list of lime producers with a rather dark 
dolomite lime if it desired. 


HIGHLAND COUNTY. 


The geology of this county is comparatively complex. Its strata 
runs from the Hudson River group on the west, to the Devonian shales 
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and sandstones on the east. In spite of the number of elements repre- 
sented, the surface rocks are largely limestone, and the county is one of 
the largest producers of quarried stone and lime in the state. 

So far as can be ascertained, no use has been made of the limes or 
limy shales of the Hudson River group on the west side of the county. 
The nearby presence of a much superior material has prevented any trial 
of it. 

The Niagara formation covers the main part of the county with its 
several clearly marked divisions. On it, the Waterlime or lower Helder- 
berg lies, in a few islands in the northeast at Greenfield. 

The limestones of the upper Niagara and lower Helderberg forma- 
tions cannot be distinguished from each other by chemical analysis. 
They are both very pure dolomites, here as elsewhere. Their determi- 
nation rests, therefure, on physical differences which are very clearly 
marked. 

The Clinton formation, separating the dolomites of the upper division 
from the shaly limestones of the Hudson River formation, is present in 
this county in good quantity. It is not and has not been worked on any 
important scale for either lime or stone. No quarries or openings could 
be found from which to procure a representative analysis of it. 

The work of the previous Surveys has shown the composition of the 
Niagara and Helderberg when quarried, as in the following analyses, all 
by Dr. Wormley. 









































Locality. Lexing:) Lees | Greenfield. Hillsboro. king 
—u |; s |$4 | ge | 2 | esl a. 

E | 2 |es |e8 |: | B | Fee] Se 

| a du do oe a | si: 

= >. | 6, |e | os le eZ | Pos! Gt 

Description of enmple. P " 7 zn oP ~ tl ~~ o> AS 

| =§ 24 S8n] seal Bea] 28 er =e 

ra ba | gee | & Bf & se) © Cy g- sa 

| as | te | 232 | 383 Sez | Eo fas | 8% 

— r & = Ee fe : = BE 

Silica. ee ee 307 1.60 4.35 2.44) 2.60) 13.30} 0.40} 0.70 
Alumina....... redet 0.90) 2.20 1.00 130) 3.20) 2.00 1.80 1.50 
Carbonate of caleium.... | 49.76] 54.10] 49.70) 53.67] 62.60| 35.57| 54.25] 52.87 
Carbonate of magnesium. | 45.77| 41.77| 44.87| 42.42| 31.32] 49.00| 43.23] 42.94 
dee ACH | 100.00) 99.67] 99.92) 99.83) 99.72] 29.87| 99.68) *08.01 


*Phosphate of lime, 1.39 per cent. Total 99.40. 








The above localities, save the last, were the site of important lime 
industries thirty-five years ago. Mr. Peppel in his trip over the county 
finds the condition still the same. The industries have grown, and are 
now very large, but no new localities have been opened, and no new de- 
velopments made, so far as the chemical character of the material is 
concerned. The following notes refer to the samples taken by him: 

Samples taken at Leesburg came from along Lee’s creek east of the 
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town. 
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In the vicinity of the place where samples 119, 120, and 121 were 


taken, there would be a considerable area on which the stripping would 
be light. The stone is hard and rather even in bedding, especially so 
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Figure 3.—Showing a cross-section of the limestones opened near Leesburg. 
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in sample 121, which is in heavy strata, blue in color. This sample 
reaches pretty well down to the bottom of the formation, but not quite 
to the underlying shale. 

There is a small anticline a little further down the stream, where 
the underlying shale appears, carrying the limestone upon it; the stratum 
is the same as shown in sample 121. This shale to the thickness of twen- 
ty feet was sampled as number 118. A thin bed of shale also intervenes 
between samples 119 and 120 and was excluded from these samples. 

Sample 117 was taken from the quarry of John F. Lufts. This 
stone does not agree very well with the neighboring samples in litholog- 
ical character. It consists of a rather hard, blue, uneven and rather 
thin bedded limestone, interstratified to some extent with shale from 
two to six inches in thickness. This sample resembles in physical char- 
acter the top one at Newport. It seems to be stratigraphically higher 
than the top of the other group, and is so shown in the section shown 
herewith, though no attempt is made to exactly correlate it. 

Greenfield has long been known for its building stone and locally 
for its lime. The formation is the lower Helderberg or Waterlime. The 
samples were taken from the Rucker Stone Company’s quarry. The 
stripping is heavy here, from six to fifteen feet, which is removed by the 
hydraulic method. This is the only company in Ohio to use this method, 
up to this date. The building stone contains so much water that it 
must be dried out before frost; the quarry is not worked in the winter 
time on that account. This period of rest is used to do the stripping 
for the ensuing year, and to clean up the quarry. Ä 

Sample 122 is a buff stone lying in heavy beds. This is chiefly used 
for crushed stone or for burning lime. The depth of the cut represented 
in this sample is thirty-one feet. Sample 123, twelve feet in thickness, 
is a buff stone in even beds of from three to twelve inches. Sample 
124 is also even bedded, but the strata are a little heavier, and the color 
is darker. The strata representing both of these lower samples are liber- 
ally streaked with bitumen, and occasional flint nodules are found. All 
of this stone is earthy in appearance, lacking the crystalline sparkle of 
the Niagara. It is all tight bedded, adhering closely, and without fis- 
sures, so that blasting is required even for the building stone, to open 
up working faces. The spalls and broken stuff from the entire quarry 
are burnt for lime. 

At Hillsboro, the Rucker Stone Company is quarrying the Spring- 
field beds, and the lower portion of Niagara, mainly for crushed stone. 
Sample 99, twenty-three feet in thickness, represents the Springfield 
bed. It is separated from the underlying blue limestone by a shale 
stratum of two feet six inches in thickness. The limestone carries some 
shale strata, but in general is a heavy and even-bedded hard blue stone. 
The section sampled was twenty-four feet, including the shale at top. 
This constituted sample 100. Sample 101 is fourteen feet in thickness; 


78 GEOLOGICAL SURVEY OF OHIO. 


it is a hard, silicious, calcareous shale, which appears like a stone, but which 
will not stand even summer weather without crumbling. It contains 
three layers of flint nodules in the first six feet, and one other further 
down. | 

The output of this quarry is very largely used for crushed stone. 


The tables of analyses follow: 


Leesburg samples. 





























Number of samples. 117 119 120 121 118 
ate |aese “Es SEE (4485 
Ld . = $4 Boa 3 5 
nd dan 58” Bes "3 
a ERE sik | gag esse 
, el 42 5 ball “2 ea 
Description 325 se. =.A Sn SE, 
ate | Tesh | Peg | S524. 
a =a = = Su = @ 2 
„ers | ger84 3242 328: 2.538 
SCA 828 aes ba ee eed ren 7.16 4.10 2.42 2.30 26.48 
Alımina oii i ee eh OS RRS 2.19 1.32 0.78 0.95 7.36 
Oxide of iron ...............0 eee 1.05 1.10 1.78 |. 1.55 1.10 
Carbonate of calcium .............. 49.95 52.63 53.70 53.63 35.65 
Carbonate of magnesium........... 39.42 41.08 41.26 | 41.60 27.46 
Total air: ne, tee eee aie ee Se 99.77 100.23 99.94 100.03 98.05 
Greenfield samples. | Hillsboro samples. 
Number of samples. 122 | 123 124 | 99 100 101 
| 
oe 1” ike un. | gd es | ea 
er . os u. | “2 ca) 2.8 
g EEE 38 | 25€ 
Descripti SE | Tat | fe. | es ; ZE8 2x3 
ption. se EucE 3=85 | E7 sg za “23 
1 wee | wee oes CBS $2.8 
~ - | - m a Z 
SH SERERSUCHERF ORTE 1.10 190 | 2.10 1.88 | 9.88 | 30.12 
Alumina................. 0.46 0.64 0.74 0.86 3.65 4.30 
Oxide of iron............ 0.30 0.20 0.20 trace 0.45 0.80 
Carbonate of calcium......| 55.00 54.00 53.70 54.10 50.90 40.20 
Carbonate of magnesium...| 43.44 42.72 42.94 43.24 34.78 23.50 
Totals............... 100.30 99.46 99.68 | 100.08 99.66 98.92 


These analyses, while they add to our knowledge of these forma- 
tions, do not disclose anything different from the results of the earlier 
Surveys, or anything modifying the belief that only dolomites, generally 


LIMESTONES AND LIME INDUSTRY. 79 


of high purity, may be expected in this county, and that its industries 
of building stone and white lime will continue to be the only uses for 
these great limestone beds. 


HOCKING COUNTY. 
t 
This county has but one horizon of workable thickness for lime- 


stone. This is the Maxville formation, or Sub-Carboniferous limestone, 
lying just below the coal measures and on the top of the Logan sandstone. 
The limestones of the Pottsville formation, the lower and upper Mercer, 
and the Ferriferous, and Putnam Hill, while present in the east and 
southern portions of the county, are seldom over four feet in thickness, 
which is below the mineable limit, unless other material be taken out 
also, or the roof be exceptionally strong, as limestone mining in the solid 
requires heavy blasting, which shatters and breaks a weak roof. 

The Maxville formation is a light colored, white or buff or gray 
stone, frequently of considerable thickness, but of very irregular deposi- 
tion in Ohio. It seems to be eminently a pocket, or lake bed formation, 
as it can be found only here and there inside the area represented by 
its outermost deposits. When found, these different deposits manifest 
wide differences in composition, thickness and lithological structure, 
greater than would be apt to be the case in a continuous stratum in so 
short a distance. 

The Maxville limestone has been used locally for lime, in a small 
way, but it is not now burnt for this purpose. Its chief employment 
in the past has been for furnace flux, for which some portions of it are 
highly suitable. Other portions are entirely unsuited. 

The Maxville underlies (by supposition) but a small area in the 
center of Hocking county. Its southernmost known deposit is on the 
land of Culver Smith, two and one-half miles southeast of Logan, where 
a sample was taken by the writer. 

The face of the stone here quarried was probably about fourteen 
feet. Ten to eleven feet were visible, but the earth had caved and ob- 
scured the bottom. The section cut was as follows: 


Inches. 

Qo ccc cc cee ce teen ee eee tent eee eceteteseseveres ee 

Solid bluish limestone .............. cc ccc cece cece ee ceres 24 

Shelly limestone. ........... 0 0c c cece eet e eee eee eens 27 

Iron ore stratum.......... 0... ccc ccc cece neces eee 3 

Sample Solid buff limestone................ 0. cece cee eee eee 12 

0-50 Shelly limestone. ........ 0... ccc cece cece cece ee eees 30 
Very solid, dense, conchoidal limestone, white or bluish white 

in +) (+) 0.0... ccc ce eee eens eee eee eee 36 

Bottom obscured ........ 22222 ccc ccc cece ee eee eee nes 36 

Logan formation............ 00... cece ec eee ee eee eee oe 


No openings are known to have been made south of this one. Re- 
ports are heard of its being seen within a mile or so of Haydenville, but 
were not confirmed. On the east, it is not seen in the valley of Snow 
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Fork, being under drainage level. No records of its being met in drill 
holes in this section are on hand. On the west, it is practically certain 
that it is not met in any quantity beyond Logan. Inquiry in the country 
west of Union Furnace and near Ilesburgh, where it should be above 
drainage, failed to elicit any knowledge of exposures. 

To the north, there is reason to believe that the stratum is more or 
less continuous, or that frequent pockets of it are formed. It has been 
worked for flux at various points along the Straitsville road, leading 
northeast from Logan, from a point two miles from Logan, nearly to 
Gore. The best known openings were at Winona, where it was used for 
flux for many years. No workings are now open, and no new samples 
were taken. 

The following analyses of this stone are all that can be given: 


. Analysis of Maxville Limestone. 


Analyst. Peppel Lord. 
Ir 4 5 8. 
gobs. | tee ack 
u «2 ton > Pr ä >, a 
Description. 55 © 205 3 q ° E 
Son SB, © 835 223 P- 
sage IE: Sefs 
37m EN zeit Ss%: 
Silica Sec c cence cece ce ecees 8.16 5.45 12.1 
UMINA. oo een 2.42 
Oxide of iron................ 2 5.60 0.45 
Carbonate of calcium......... 77.45 56.30 86.9 
Carbonate of magnesium ..... 9.40 32.40 0.8 
Totals...............00. 100.23 99.75 100.25 


The wavering, unstable character of the deposits may be judged from 
the foregoing. The last analysis represents material especially suited 
to the portland cement business, if suitable quantity were available and 
cheap mining or quarrying could be had. But the facts, so far as known, 
do not indicate that the whole stratum would be more than sufficient, 
and certainly the removal of a highly magnesium cap rock as indicated 
in the second analysis would reduce the value of the deposit very greatly. 
The best that can be said, then, on the availability of the Maxville for 
a portland cement proposition in Hocking county, is that there are 
exposures of the stone of exceptionally favorable composition, but in- 
sufficient quantity, and that the finding of other deposits of sufficient 
quantity and sufficient purity are not improbable. 

The lower Mercer stone, at Union Furnace, has a thickness of four 
to five feet. It is underlaid by a thin coal and a valuable clay, now 
extensively worked by mining. Many thousands of tons of this lime- 
stone are now undercut by the removal of eight to twelve feet of clay, 
and could be blasted down and loaded at relatively small expense. 
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Ihe composition as reported by Wormley (1870) is: 





Per cents. 

Siliea -. 22022 oo onen Lecce cece cree ce eeeeeeecas 36.89 
Alumina and iron... .. ce ec ee ee cece eee eee nes 9.20 
Carbonate of caletum.........0.... 000 nn 52.60 
Carbonate of magnesium.......... 2.0.20 cee ee eee eee 1.21 
Total ... ccc cece re eee rece eee teen ees 99.90 


This analysis does not represent the average quality of this stone, 
which has been analyzed by several different chemists for private pur- - 
poses, with results materially lower in silica and alumina, and higher in 
calcium, but still low in magnesium. There is not enough of it to form 
the basis of a large industry, though a small cement plant could undoubt- 
edly work it in connection with its coal vein. 

The Ferriferous limestone, a valuable material to the south of Hock- 
ing county, is here on its feather edge, disappearing, and is of no value. 


HOLMES COUNTY. 


Holmes county, though nominally lying almost wholly in the coal 
measures, is nevertheless possessed of but little stratigraphical range. 
The rocks apparently drift to the southeast very gradually, for even on 
the eastern edge of the county, the middle Kittanning coal is rather high 
in the hills, and the top of the Allegheny represents about the highest 
formation reached, while on the west, the bottom of the Pottsville makes 
the body of the hills, and only the deeper valleys reach the underlying 
sandstones of the Logan and Black Hand formations. 

The limestones encountered in this range comprise the lower and 
upper Mercer, the Ferriferous and Putnam Hill, and possibly the Freeport 
in the southeastern corner. None of them have become the basis of any 
lime or quarry industries so far as is known. None of them are thick 
either here or in the surrounding country; only one has attracted the 
attention of the geologists who have worked in this field. This is the 
Ferriferous in,the vicinity of Millersburg. Its exact location or thick- 
ness are not given, but the deposits have attracted attention from two 
observers, for the following analvses have been filed: 


Ferriferous Limestone from Holmes County. 











| 
Analyst. [Wormtey—1870 Lord—1884. 
Silica....... Leet e eee este tee enee es | 710 | 2.9 
Alumina and iron oxide ................2.- | 1.00 Ä 2.71 
Carbonate of caleium .. 222.2 oc. | 86.60 ° | 92.02 
Carbonate of magnesium...............00. 1.89 1.85 
Combined water.............. 00000 eee eeae | 1.45 . 
Total... cee tee eee | 98.04 0.45 


6—S. G.—Bull. 4. 
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These analyses indicate an excellent material for cement, if they 
correctly indicate the average composition of a large body of material, 
but this is not believed to be the case. Certainly the burden of proof 
lies on the investor, who must locate and define his deposit before it 
is of value. 


JACKSON COUNTY. 


Jackson county is situated just on the borders of the coal measures, 
its western valleys cutting into the Logan and Black Hand formations, 
while the eastern hills are topped with the Freeport coals and limestones. 


The limestone strata represented are the two Mercers, the Fer- 
riferous and the Freeport. The Maxville has never been found. The 
first and last are economically unimportant, being thin and unworkable. 
The Ferriferous, which is thinning down on the north as it passes into 
Vinton county, is still a persistent and valuable stratum in the northern 
townships of Jackson, and throughout the rest of the county it preserts 
one of its best phases. 


The stone in this district is a dense, solid stratum varying from four 
feet on thin exposures in the north and west, to sections represented 
to be ten feet in the south and east. The writer has never seen this 
stone at a point where it measured over eight feet six inches. It does 
not split well into building stone. Its fracture is carthy or conchoidal, 
instead of crystalline, and it does not work well. It produces a hot lime, 
and while it has been used locally, it has never been extensively put on 
the market. Its uses in 1870, when first examined, were almost wholly 
for furnace flux, for which it is excellently adapted. 


Since that time, a portland cement industry has been established 
at Wellston, on this limestone as a basis. There are four plants built, 
or building, in the county, and others in Lawrence county adjoining. 
The plants were first supplied chiefly from small quarries, located at 
various points where the stone lay in good thickness and accessible. As 
the demands have grown, the companies have established their own 
workings for limestone. The stone up to 1903 was won entirely by 
stripping and benching around the edge of the hill; in fact, in Jackson 
county the stone lies too near the top of the hills in most of the areas to 
be won by mining operations. The blasting required to bring it down 
requires an excellent solid roof, and no shallow mining is possible. 


The composition of this stone cannot be adequately shown from 
the analyses of the Survey in this county. It has been analyzed on a 
large scale by the chemists of the cement plant, who find the carbonate 


LIMESTONES AND LIME INDUSTRY. 83 


of calcium running from 88 to 94 per cent., averaging 90, while the mag- 
nesia runs from 0.50 to 3.00, averaging 1.50 per cent. The following 
analyses are available: 





Analyst. Wormley. Peppel. Nauss. 

sc 6 y +: > ,.2 2 7/< 

ICE 28 es 8525 | 838 

„un s- 25 | oe“ 5 

+ g oo a ,t™ oS 

ur En. Mn. a. o aoe 

| Cec a? - Ben Ba 

o 8: ind St et oa} en A het =| = 0 @ 

Descriptio BE "ae "ES = "55 x oe 
seat “nae G30 25. 55. | 288 | 302, 
=: =o c= 9 | 9 . ke, ad 
“Son | Sst | Ss [S28 8) #585 

2 0= ‘tog ced tagie | te 2 
Snot Pa 6 Cm EKOE2| ESER 

= i] = a 
ce fs, os [er om 

EN ere ero 1.00 1.00 5.40 13.62 3.00 
Alumina and oxide of iron.......... 6.80 1.00 2.00 2.45 3.48 
Carbonate of calcium..... nee 88.80 94,20 88.00 82.30 91.04 
Carbonate of Magnes1um........... 1.20 0.76 1.51 0.52 1.30 

Water, combined... .e=-ssesvonenun. 1.80 2.90 2.90 . 
Totals ik a ee ee ee ee) 99.60 00,86 09,51 99,19 08.82 


The sample from Kitchen station does not represent the purity 
which can easily be obtained. The quarry had been opened out to 
supply stone to the cement plant, but after getting well under way, a 
flint vein appeared in the stone, increasing until finally three to four feet 
out of seven feet six inches were affected. 

Separate samples of the top, middle and bottom strata were made 
with the following analytical results. (Nauss.) 


Harrison’s Limestone—Kitchen Station. 





Number of samples. 15 17 16 

BE 3 R 
6 a iR 
Description of sample. ae Ie) me E 
mg 33 IT: 

a . 8 
sie 3? até 
Siica.su ses 0.72 22.91 0.78 
Alumina and oxide of iron.... 1.97 2.05 1.41 
Carbonate of caleium......... 96.00 73.40 95.54 
Carbonate of magnesium ..... 0.54 0.64 0.68 
Total... 99.23 99.00 98.41 





When this change in composition took place, the cement plant 
refused to accept the flinty material— very justly under some circum- 
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stances, but apparently under the apprehension that all silicious ma- 
terial is bad, an assumption which seems to the writer fundamentally 
wrong. The use of a silicious limestone, whose silica is amorphous and 
intimately mixed in the rock itself, seems to the writer most desirable, 
and has merits far and away above the addition of sandy clays to supply 
the needed silica, because the clays almost invariably bring in too much 
alumina as well.. Of course, the rock must be uniform, not high in silica 
today and low tomorrow. But the rejection of silicious stones, per se, 
does not seem technically a well advised plan. 


The situation of Jackson county and Lawrence county, in which 
lies practically the whole of this formation of workable thickness, is so 
nearly identical, that further discussion of these problems of utilizing 
this limestone will be discussed in connection with the district as a whole, 
elsewhere in this report. 


(See also Lawrence county). 


JEFFERSON COUNTY. 


This county lies in the upper portion of the coal measures. On 
the north edge, the valleys of the Ohio and Yellow creek cut down into 
rocks of the Allegheny formations, about to the lower Kittanning. But 
toward the south, the strata dip steadily, so that on the southern portion 
the valleys cut down into the Conemaugh, while the Pittsburg coal 
is everywhere above drainage and the hill tops reach the Upper Barren 
measures or Dunkard formation. 


The area of the Pittsburg coal marks the area of limestones of com- 
mercial promise. The northern and western portions of the county are 
excluded from consideration, as the Pittsburg coal is not importane 
north of the line of the P. C.C. & St. L.R. R. South of that line, the 
limestones of the Upper Measures, desribed in Belmont county, are 
found well represented. 


No samples of these formations were taken in southern Jefferson 
county. The last sample in Belmont county lay Just on the county 
line, and will answer for both. At Steubenville, a sample was cut at a 
point about two miles southwest of town, from a vein twelve feet thick 
and located about twenty to twenty-five feet below the Pittsbure coal, 
and fifty to sixty feet above the Crinoidal limestone. This vein has 
not been sampled elsewhere, in Just this stratigraphical position. The 
area of gvod stone on this horizon is not thought to be large. The analy- 
sis is by Mr. Peppel. 
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Per cent. 

Silica... ccc ee cence nee eee eens 12.50 

Alina ernennen nent eee eee eee eee eee nett e ne nn 10.11 

Sample 4Oxide of iron... 0.0... cc eee eee eee eens 4.19 
176 [Carbonate of calcium. ..... 00... cece eens 61.10 
(Carbonate of magnesium... ........ 00... c eee eee eee 5.86 

6 00) 0) esse neeeeeeenseneenene nen 93.76 


This does not appear favorable to the cement industry, and still 
less so to any other. 


LAWRENCE COUNTY. 


The coal measures cover all parts of this district. The formations 
range from the lower Mercer limestone or a little below, along the western 
frontier, to the Pittsburg coal along the eastern edge. 


The lowest limestone, the lower Mercer, appears in workable thick- 
ness a mile or so bevond the Lawrence county line, at Howard Furnace. 
Doubtless other exposures of this stone above drainage could be found. 
This limestone, or the Maxville, was encountered at Olive Furnace in 
a bore hole, two hundred feet beneath the surface. The core removed 
was almost white, exceedingly dense, and a very pure carbonate of lime. 
The thickness was reported about twelve feet. 


The next and most important limestone horizon is the Ferriferous. 
This formation extends in a belt about six or eight miles wide, from 
north to south across the county, taking in Washington, Decatur, Eliza- 
beth, and Hamilton townships in full, and oceurring also in the western 
portions of Perry, Lawrence, Aid and Symmes townships. 


It hes generally upon the Clarion coal, but the latter was cut out 
or never formed over large areas in which the limestone persists. Its 
thickness runs from six feet at the thinner exposures up to eight feet 
six inches at the highest measured section, though ten feet are reported 
at places. It is a good, strong, gray stone, inclining to the conchoidal 
in fracture, and generally not well bedded, so that it breaks massive in 
quarrying. Its composition is singularly uniform and a very pure high- 
calcium stone, consistently low in magnesia. The silica fluctuates 
somewhat, as a little flint comes in from time to time, but it averages 
less than four per cent. 


Great numbers of analvses of this stone are available, as it has been 
used for many vears for blast furnace flux and has been quarried at 
many points. <A collection of such analyses is given in the following 
table: 


rr, ee ee eee 
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Ferriferous Limestone—Lawrence County. 
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The high and maintained proportion of lime in this list of analyses 
is significant. The formation is evidently more nearly homogeneous 
chemically than any yet considered. 

As these samples represented all kinds of sampling, as well as the 
work of a number of different chemists, and a number of different dates, 
it was decided to make a few analyses for the Survey with the present 
method of sampling. The results are given as follows: 


er ED 





Number of samples. 0-33 0-35 0-37 0-38 
os <3 sO) [Bg 9ES 
a2 ang Ei. 188°. 

Description of samples. En „wo ao of jam ee 
2 | Bee Be |ESdSs 
Zoe Fite eS 22322 

oO = ic 
SIUCa ae Wo es. Kn See Rhee a 1.52 0.74 3.26 22.26 
Aluminsa..s.n ned des bes tae wees 1.86 0.24 0.90 1.05 
Oxide of iron.................. 0.70 1.30 1.30 1.55 
Carbonate of calcium........... 95.40 97.35 94.16 75.07 
Carbonate of magnesium........ 0.53 0.33 0.85 0.20 
Total... £3565 44.0o¢454 100.01 99.96 | 100.47 100.13 


The results of the Survey’s sampling are not found to materially 
differ from the collected analyses made for the furnace companies; this 
is a further endorsement of the uniform character of the formation. 


This stone is most eminently suited to portland cement manufacture. 
It has already attracted one company to Ironton, and without doubt 
others will follow. Its use for no other purpose is so apt. The lime 
made by the burning of this stone is gray or brown, and very hot and 
violent, which will preclude its extensive use in that field, unless it be 
used for sand brick manufacture. 


The suitability of the stone for Portland cement, from the chemical 
standpoint, requires also consideration of its availability from the com- 
mercial standpoint. As the considerations which apply to this county 
also apply to the field as a whole, they will be given in the succeeding 
chapter, under the head of the Ferriferous limestone. 


The limestones of the upper coals are formed in the eastern side 
of the county. They are usually thin and worthless. At the head of 
Cannon’s creek, in Aid township, the Cambridge stone thickens up 
locally and is quarried for road metal. It is very cherty at this point, 
and by itself would be useless for any chemical purpose, but its possible 
use in diluting the very rich hot limes of the Ferriferous horizon, and 
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as a means of introducing silica without also adding alumina to the mix- 
ture, was considered. A sample was cut, cross-sectioning the vein, and 


analyzed by Mr. Peppel. 


Cambridge Limestone from Cannon’s Creek. 


Per cent. 

| N 1) (u: cece cee ee ee ence eee neces 38.00 

Alumina... . 0... cee nee tenn e en en eens 6.78 

Sample Oxide of iron ...... 0.0... ccc eee tenes 1.90 
0-40 Carbonate of calcium ....... FE 50.60 
(Carbonate of magnesium............ 20.00 een ee ees 1.73 

Totals... 0... ccc ee ete t eens 99.01 


If this formation is found to have any wide extent in this or greater 
thickness, it should be a valuable means of control for cement makers. 


LICKING COUNTY. 


In the eastern end of Licking county, the Carboniferous formations 
come in, especially in Bowling Green, Franklin and Hopewell townships. 
In this vicinity, the Maxville limestone is due and is reported to have 
been found and worked for road metal in 1832 and 1835, for construction 
of the National road to Columbus. Whether these old quarries came 
into Licking county is not known, but in any case they are not believed 
to represent a thick or important extension of the Maxville field. Noth- 
ing can be found of this formation in the gorge of the Licking river, 
eight or nine miles north. 

The Mercer limestones are generally thin and unimportant, but in 
some points in these same townships it thickens up in local basins. One 
of these on the land of William Gordon, three miles northwest of Browns- 
ville, in Hopewell township was sampled by the writer. The section 
presented was as follows: 


Feet, Inches. 
Shales... 0.00. .. .. 
Iron ore, in kidneys.......22. 220. 200000022 eee 0 4 
Yellow flint... 000.000.0000. cc ee eee 0 6 
Sample (Blue shelly limestone ..............00...00..00... 9 0 
0-59 iShale... 000.000. nennen 0 6 
12 ft.6 in., (Hard blue limestone .........0...0.0.0.. 0.00005 2 () 
Coal oe ee eens 1 0 
Fireelay 2.0.0.0... 0000 cee ees . .. 


The analysis of this stone, by Mr. Peppel, gave the following: 


Per cents. 
Silica... 0. ec ee eee eee eee eee ees 44.64 
Alumina... . ce ee eee t nee 6.78 
Oxide of ron 2... eee eee ees 2,20 
Carbonate of calcium .....: 22 cc ces 000 ce ee eee 43.18 
Carbonate of magnesium......: 222202 0.0.0: e eee eee 1.09 


Total... oo cc ee eee eee et eee tenes 07.89 
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Exclusion of the shale would materially improve the lime content 
of this stone. It would be an admirable means of introducing chem- 
ically-active silica into a portland cement mixture composed of high 
calcium stone. 


While no other outcrop equal to this in thickness was found, it is 
entirely likely that others exist. No limestones higher than the Putnam 
Hill are believed to occur anywhere in this vicinity, and none of this for- 
mation was found of workable thickness. 


LOGAN COUNTY. 


Three limestone formations are present in this county. On the 
west, is a large corner of Niagara. The Waterlime covers the rest of 
the county to the east, and superposed on this occurs a considerable 
island or patch of Corniferous, which occupies the crest of the Cincin- 
nati anticline. The Corniferous is in turn capped by two smaller islands 
of black shale which prevent access to it except around its edges. The 
drainage has cut through both Corniferous and Waterlime in places 
exposing more or less of both. 


The Corniferous has been quarried for stone, and burned for lime, 
around the edges of its area in many places. The Waterlime has sim- 
ilarly been opened in many points. The stone and lime industry has 
never been very large, but has more than supplied the need of its own 
immediate locality. 

The present quarries of the Bellefontaine Stone and Lime Company 
are located west of Bellefontaine, probably in the Waterlime formation. 
Mr. Peppel gives the following concerning three samples: 

“The stripping here is from four to eight feet. The top stone of 
the quarry is a close-grained gray rock, finely crystalline, and almost 
earthy in appearance, somewhat like the stone of the Marble Chiff quar- 
ries, west of Columbus, in lithological character. This stratum was 
eight feet in thickness and constitutes sample 37. The next four feet is 
a rotten stone, consisting of alternate soft and hard layers, so that it 
does not work well. This constitutes sample 38. The lower fifteen 
feet is composed of finely crystalline gray stone in beds of eight to thirty 
inches in thickness. This course is quite soft when first taken from the 
quarry, and may be carved easily, but soon becomes very hard on ex- 
posure to air. This stratum constitutes sample 39. This company has 
several openings close together, one being worked for building stone, and 
another for crushed stone. It is claimed that there is only about ten 
per cent. waste in quarrving the building stone.’ 

The older reports give the Scarf quarry at Bellefontaine as Cornif- 
erous, while Mr. Peppel characterizes the present workings as Lower 
Helderberg. It is probable that the workings are in the same horizon 
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and that it is Lower Helderberg, as the analyses show all to be purely 
dolomitic, while the Corniferous in its nearest manifestations is low- 
magnesia, high-calcium material. The analyses follow: 


Analyses of Bellefontaine Limestone. 


Analyst. Wormley. Peppel. 
Number of sample. —— —— 37 38 39 
En Be Bsp 
5 s | 8% | 3%, | 3228 
a a 5 . 5 Su, 
Description of sample. 3 3 23. Eins | 28.0 
escription o c g 2 ed 53 at eas 
= 5 se? RSS race 
3 Zz gos 5% a beds 8 
Silica Lo cececeuetceuueeeeuuveeeas 2.80 2.70 | 2.00 | 1.24 | 2.10 
UMINA .. cee ee ec eee ee eee ce ees 0.96 0.21 0.99 
Oxide of iron ............ssee eee, 1.30 |, 210 | 020 | 035 | 0.15 
Carbonate of calcium cece cere eeees 55.10 55.00 54.70 55.30 54.40 
Carbonate of magnesium ........... 40.11 39.74 42.80 43.17 42.92 
Totals .......... cc eee 99.31 99.54 100.66 100.27 100.56 


No evidence is at hand from thoroughly known Corniferous samples, 
as to the composition of these strata in this county. The above are 
excellent dolomites and would make white lime, but are worthless for 
cement manufacture. 

LUCAS COUNTY. 


Save for a narrow band of black shale on the western edge, Lucas 
county is covered with limestone strata, the Corniferous occupying a 
band about five miles wide and running nearly north and south, on the 
west, while the Waterlime is the superficial rock on the east. A narrow 
band of Niagara crosses this Waterlime, north and south through Oregon 
township, but as the stones are of similar composition, the effect on the 
lime industry is small. 


The stone industry has never been prominently developed in this 
county. The extreme flatness of the topography has made the quarries 
difficult to drain, and often heavily buried with drift, thus not inviting 
working. Nevertheless, there have been a number of openings made. 
At present, there are quarries at White House, Sylvania, and Holland, 
chiefly producing crushed stone. 


The old reports are almost silent on the composition of the lime- 
stones of this area. The only analyses made were those in 1870 by Dr. 
Wormley. The samples were credited to Toledo, but were probably 
selected at quarries in that vicinity, but not in the city. They were 
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selected from the Waterlime formation, to demonstrate that this for- 
mation really was capable of furnishing stones capable of the making 
of hydraulic lime, which its name implies. No details of the samples were 
given. 

The recent work was confined to a test of the Corniferous, which 
has not been previously tested in this district. Mr. Peppel’s remarks 
follow: 

“The Corniferous was sampled at the quarry of John Pray at White 
House. The top seven feet of this quarry is a hard, gray, crystalline 
limestone, highly fossiliferous, represented by sample No. 22. It probably 
composes the extra cap rock of the same formation at Kelley’s Island 
and Marblehead, mentioned in Dr. Orton’s report of 1888. No. 23 is 
the next seven feet below, an even-bedded limestone with few fossils. 
This stratum rests on a bed of flint nodules, which in turn overlies a 
heavy bed of stone. This compares well with the stone at Delaware, 
except that it is not so dark in color.”’ 

The analyses follow: 


Analyses of Lucas County Limestones. 











Formation. Waterlime. | Corniferous. 
Analyst. Wormley. Peppel. 
Number of Sample. | 1 2 | 4 | = | 74 
beg | #23 | bes | Sfg | B38 
aoe af se See 53 | eee 
ess ts P>3 a2 |2.B 
| «Ze zn aa | so™ ms 
Dest ription. a. a a at | BE, = fh , 
Sac ris see | 372 | „ug 
ris — “2a = » 2 83 
25% 252 | 258 ae - nein 
7 iL an Lo a oo = | ad 
PR: iW via hg oOAG A vie ee Se alone 16.76 19.40 5.00 1.24 1.66 
Alumina .....0000cneuees wer TER: 0.60 0.96 
= - ie ee ee » 1.82 » 1.60 r i 
Corde .of i901 -.G eeainedacuainessta a) | j 0.05 trace 
Carbonate of calcium ..............| 46.60 44.40 52,80 05.25 74.52 
Carbonate of magnesium ...........| 32.69 32.69 39.65 3.47 23.50 
Totals oa Hi ne « oo me | nen nn ec 
MA yc waists wea a 98.29 08.31 99.05 | 100.70 100.64 





The Waterlime samples were probably flinty, as the silica alone is 
high. The alumina and iron are not above the average, and the lime- 
magnesia ratio is dolomitic, indicating mere dilution of a dolomite with 
extra silica. There is an abundance of limestone in this formation in 
this county which will analyze as pure a dolomite as can be found any- 
where in the formation. 

The Corniferous samples show at once the differences in the forma- 
tions. Just what part of the Corniferous is here represented is not 
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clearly proven, but Mr. Peppel’s hypothesis of the Delaware formation 
is strongly supported by the comparison of analyses of the two districts. 

The upper bed of the Corniferous here is one of the pure limes of the 
state, and should be of interest to Michigan cement and sugar industries, 
where high-lime and low-magnesia stone is essential. 


MAHONING COUNTY, 


Carboniferous rocks are superficial in this whole territory, but the 
flat topography and gentle slope make only a small vertical section ob- 
tainable. The Pottsville formation forms the floor on the north; coal 
No. 1, at the bottom of the coal measures, was found in pockets around 
Youngstown and exhausted long ago. On the southern edge of the 
county, the hill tops reach the Kittanning or possibly the Lower Free- 
port horizons. 

The limestone strata of economic importance are confined to one 
horizon, the Ferriferous. The Maxville is missing, the Mercers are small 
and of importance only in tracing other strata. The Ferriferous is not 
a persistent or uniform deposit, but does occur in good volume in several 
points, especially on the eastern edge of the county near Lowellville. 

The Ferriferous has been extensively quarried in this vicinity for 
furnace flux for many vears. Other points have contributed some lime- 
stone also, but the main dependence of the extensive iron industry of 
this region has been the Lowellville stone. The following analyses have 
been collected, in addition to the two new ones made by Mr. Peppel. ° 


Ferriferous Limestones from Mahoning County. 


nn ee > a a ee ee ee ee ee eee ee 

















| ‚ | 
oye «Treen . a ae oe 
Locality. | township | Lowellville and vicinity. 
ı Ww.A. | WA.) FN, 
Analyst. ' Hooker. | Hooker. | Holbrook, Lord. Peppel. 
I 
en eae fee ee er 
i's & 2 z Tz5 <2 
z 2 | 2 Pos Boe | 8%. 
| = = = I i S22 1 87% 
: Tae = | | = AI, | teae 
Description of samples. x. .. .. = we 2... —= 
| ra = | => | .- | air 3 | Per, 
| wu be bh < - et & seo 
> „5 | -5 | Te louse =. = 
ES es ce: == ı wos | “= = 
$2 <= | 72 | == | fats = 3 
i cd | ed | ae = % u ae | ete 
oe N un) — — Ja J I: 
' — u ! 
eye t s I N [> ur . Laat GJ . MV 
Silica... eee. 1.61 | 11.00 2.08 3.24 | 258 | 220 
Alumina | Be . i) 0.68 0.54 
Pr ! De TR ee er ees 2.55 4; 0) 1.: 3 226 1 Dig | ad 
Oxide of iron ............ ij an 3 | 3 j a OO | 0.70 
Carbonate of caleium ..... 91.86 80.43 94.58 93.24, 93.50 104.69 
Carbonate of magnesium...' 059 ' 229 , 130219 1.61 | 0.71 
Organic matter and water. 345 , 225 0..06 En a nn 
j | 
| 99.10 | 08.84 


Totals............... 100.06 100.36 1100.35 100.93 
| | i 


\ : . i 


ee ee 


It is seen that Mr. Peppel’s carefully averaged cross sections do not 
depart widely from the analyses made from the samples formerly taken. 
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All agree in showing this limestone to be of most excellent quality for 
portland cement, even the silicious ones. Mr. Peppel says that there 
are only a few square miles of this limestone to be found on the Ohio 
side of the line. The thickness at the point sampled, nineteen feet, is 
exceptional, but fourteen and fifteen feet is commonly mentioned in 
the older reports. There was formerly some question as to the horizon 
of this stone, some calling it Freeport. It is undoubtedly Ferriferous. 


MARION COUNTY. 


Marion county is essentially a limestone county. Only a small 
amount of territory on the east is covered with shale. The formations 
are Corniferous on the east and Waterlime on the west, with a very small 
corner of Niagara on the northwest. 


The quarry industries are prominent at Marion and at Owens sta- 
tion. At both points, large and old quarries are developed, both ship- 
ping lime, crushed stone, furnace flux and building stone. The Marion 
quarries are using the top or blue Delaware beds exclusively for crushed 
rock or building stone. The top of the Columbus, called the ‘‘cap rock,” 
is reserved for furnace flux, almost exclusively. The bottom stratum, 
which is the middle or main body of the Columbus formation, is used 
for lime burning. The two analyses by Professor N. W. Lord, given 
herewith from Marion, are quoted from the older reports: 





twa F bu eg 
- 223%7 E- & oy 
EeaS52 S255 
4 „8 ER 
Ze=-5 2 eS 
Description of samples. os} 2222 
~~ o_ 85 
BES. Sees 
=H 22. 

— “ 

| 

ST 7 Io SEIRE TOR ERTL GUHRERSNES TASCHE. verte etna traes ete 350 | 1.60 
Alumina and oxide of Iron 2.22 oo come. 0.50 0.24 
Carbonate of caletum ..2 02 oo oo onen 79.01 66.02 
Carbonate of magnesium .....0.0...0 0000.00 e ee eee eee 16.85 33.10 
Total: od nk Vs os Bat azo ee Sia dss 99.86 100.96 


These analyses show wide divergence from the composition of the 
corresponding strata at the Columbus quarries. The formation, while 
not a dolomite, has increased enormously in its magnesia content, and 
thereby becomes less differentiated from the Waterlime which underlies 
it. 

At Owens station, six miles south, the quarries have been carefully 
studied by three observers, Dr. Orton, Professor N. W. Lord, and Mr. 
Peppel. The results of each are given herewith. 
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Dr. Orton places the formational range of this quarry as follows: 


Feet. 
Lower half of Delaware bed...............ccccccececcecs 15 
Flux stone (top of Columbus) .............. ccc ce ee ecaes 20 
Limerock (lower Columbus). ............0.- eT ee 5 


He says that going down further would bring Owens into the same 
beds now used at Marion for lime burning, of which he now is only using 
a little. 


Professor N. W. Lord made a careful section of these strata in 1887 
for a private company, which was published by permission in Vol. 6, 
p. 769, and which is here reproduced. 


Owens Limestones, Lord. 






































Number of samples. | 5 | 7 6 6 4 3 2 1 

MEHEDERETIETIE GER 

2 > a =e a oa =. 2 8 

J -i = ; oi » » @ 21 8 

ra 5 3 eee Au Ey Sg ¢3 

7, er A . ö gm == ao | oF oa: 

Description of samples, = == =& af a MT ne aa =] 

! on Ba Pa * iy [= , 

Sg) 7 | eS | oh | ad | fa] Sa] B. 

ss | Ba | 83 | 8: | 8% | 621 8, | 82 

5% == Er ES Es Es ES = 
Silicious matter......:... 3.20 4.60) 2.92 1.35 1.57] 1.92 2.20 1.65 
Alumina and oxide of iron. 4.00 1.20 4.33 6.01 3.05 1,85 1.97 2.65 
Carbonate of ealeium. ...| 88.30] 80.40) 84.70) 92.00) 85.55| 74.00| 66.15] 72.85 
Carbonate of magnesium,.| 2.58) 13.580) 8.64) 0.56) 10.39) 21.46) 27.97| 22.38 
TOtAIB. 655.004 wave 98.08] 100.05] 100.59) 99.92) 100.56) 99.23) 98.29) 99.53 








Dr. Orton correlates Nos. 8 to 3 as the cap stone or flux-stone or 
upper portion of the Columbus formation, while the blue Delaware beds, 
which he describes here as being worked for building stone and crushed 
rock, lie upon these and were not sampled in the Lord section. 

The limestone at the bottom comes from the center or lower portion 
of the Columbus formation. 

Mr. Peppel’s observations are as follows: 


“The stripping at Owens station is light, as also at Marion. Sample 
No. 9 at Owens is a blue limestone, carrying a few courses of flint nodules. 
This stone is used for building and crushed stone. It is probably the Del- 
aware stone. No.8and all below No. 7 is gray limestone, and is used for 
both flux and lime burning. No. 7 is of a browner color and is called 
“bastard” rock and used for crushed stone, probably because it is higher in 
phosphoric acid than the stone used for flux rock. Reference to the analy- 
sis shows its other impurities are not sufficient to condemn it for flux, 
though it is not quite as good as No. 8. This course is very persistent 
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through the Columbus phase of the Corniferous, and is usually found 
over a flint bed and about ten to fourteen feet from the top of the Co- 
lumbus formation. It is twenty-eight feet from the bottom of No. 7 
to the Lower Helderberg, and with the exception of the last six or seven 
feet, it is all rather high in carbonate of calcium—probably seventy per 
cent. or more.” 


Owens Limestones, Peppel. 





Number of samples. 0 8 7 
a > 1 E5ES "Cea 
= = ten = ae Men 
peee |S°ES | #585 
oof al ye: Gu,” 3 
Description of samples. en=2s\5 226 PR ge 
a .225|  .2+8| osaak 
eo 2s | oxt ko] EU's #2 
Sobera!| 13595 | "258% 
gan  beabä| Teac 
A - a 
SICA ouess Jose crs beat ee TEE 12.50 2.82 3.42 
Alummasssıa.a.26a SS ae aes an 2.05 0.90 1.02 
Oxide Of 1700: 600% «4s ha 0.25 trace trace 
Carbonate of calclum ............0200 eee: 64.00 88.37 70.15 
Carbonate of magnesium................-. 20.47 8.38 26.21 
Totale 99.27 99.97 100.80 


These sections do not exactly correspond with Professor Lord’s, 
who did not examine the Delaware formation at all. The comparison 
as nearly as can be made is as follows: 











Observer. Lord. Peppel. 
Delaware formation, = |... see eee eect ween eens 64.00 CaCO, 
20.47 MgCO, 
19 feet thick. 10 feet, 6 inches thick. 
Top of Columbus formation. 
“Cap rock,” or flux stone.| Average.....84.16 CaCO, 88.37 CaCO, 
9.57 MgCO, 8.38 MgCO, 
6 feet thick. 3 feet, 6 inches thick. 
Middle Columbus formation. 
Lime fock Scenes 000 Average.....69.50 CaCO, 70.15 CaCO, 
25.17 MgCO, 26.21 MgCO, 





Thus the concurrence between these two chemists in reaching the 
average composition of a thick mineral vein is very close, though the 
work was done years apart and with different purposes in view. The 
agreement in the constitution of cap rock and lime rock between Marion 
and Owens station is also fairly close. 
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In summing up, it may be said that the Corniferous formation in 
Marion county, while probably containing thin strata of high-calcium 
low-magnesium stone here and there, does not give promise of showing 
any large bodies of it which could be quarried without providing for 
the disposition of much other rock. It does not offer as attractive a 
prospect for cement manufacture as other phases of the Corniferous. 
For white lime, building stone, flux and crushed rock, its reputation is 
already well established. 

No quarries in the Waterlime in this county could be found at 
present. 


MERCER COUNTY. 


Practically the whole of this county lies in the Niagara formation. 
Its low, flat topography and heavy drift are unfavorable to quarrying 
operations. Openings have been made at many points, but they were 
shallow and usually temporary and merely supplied the local demand 
for the time being. The white limes from Sandusky and other points 
come in by rail at a price which has almost destroved the small begin- 
nings of the quarry industry. 

The only analysis of the stone of the Niagara from this district. 1s 
from a sample taken by Mr. Peppel at a point about four and one-half 
miles west of Celina, in Jefferson township, where a knoll of limestone 
comes to the surface, surrounded on all sides by heavy drift. One-half 
mile east, it is forty feet to the rock, and one and one-half miles west 
it is sixty feet, while one mile north it is seventy feet down to solid rock. 
T'our feet only could be sampled. The results follow: 


Per cent. 
en Deere nennen ence eee ence ee eee eee eee eeenees 1.14 
Sample = {Alumina........ 0.000.000... eee cee eee eee ees 0.52 
No. 30 {Oxide of iron... .. ce eee eee no trace 
R ‘arbonate of caleium .....::: 2. 0.0.0.0 eee ee eee 54.80 
Carbonate of magnesium.......0.0.0..0.00. 0000 eee 43.10 
Total... ee cee ee eee nee 99.56 


This shows that the stone retains here its characteristic excellence 
for white lime. 


MIAMI COUNTY. 


The Niagara formation covers this county except along the valleys 
of the Miami and Stillwater creek, which have cut their way down into 
the Clinton. This narrow band of Clinton runs up Stillwater to the 
center of Newton township, and up Miami river to Piqua. There is 
also a small area of Clinton southeast of Troy, chiefly in the north edge 
of Bethel township. 


LIMESTONES AND LIME INDUSTRY. 97 


Important quarries have been located at Covington in the north- 
western corner of the county, and at Piqua; in both, the production of 
building and crushed stone has been paramount, though lime has been 
and is still burnt at both points. 


The analyses made for the earlier work of the Survey comprise: 








Formation. Niagara. Clinton, 
Analyst. Lord. Lord. | Wormley, 
“a | ’ rs : 
E P E Di 
r sg | gz | gf | 3 
Description of samples. P E ne: En al 
sz & ES =5 
ad Ö az Er 
Pe = Go 
ee RR USE VERRER REES IERERAUHEN. 0.85 0.32 0.45 0.80 
UT Bh 23 er ee 
Oxide of iron............ccc0cee ) 0.40 0.40 0.26 1.20 
Carbonate of calcium............ 54.14 54.80 95.03 91.30 
Carbonate of magnesium... 44.90 44.01 4.35 6.51 
Totals.. 30 100.29 99.53 100.09 09.81 


The Niagara is seen to be the usual pure dolomite, not surpassed 
in quality anywhere. The Clinton shows in these two analyses a phase 
similar to that of New Carlisle, a very pure high-calcium lime. An 
effort was again made to see whether these analyses represent their for- 
mations, or whether they are merely unusually favorable samples of 
small size. 


Mr. Peppel looked into the question by sampling the Clinton and 
the overlying Niagara at Piqua by accurate cross-sections of the strata. 
Of these he says: 


“The Clinton samples from Piqua were from the quarry owned and 
operated by the Ohio Marble Company. There is an abundance of this 
formation exposed on the east side of the Miami, with very little strip- 
ping. Sample 43 was composed of the top eight feet of the Clinton. 
Sample 36 was the next fourteen feet four inches below sample 43. 


In the quarries of the D. C. Statler Company across the river, sample 
44 was cut from the Niagara which rests on the Clinton. It is an even- 
bedded, hard, light-blue stone, with some iron pyrites in it. Analyses 
of this stone by different layers shows a range of composition from 97 


7—S. G.—Bull. 4. 
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per cent carbonate of calcium with one per cent. carbonate of magnesium 
to 69.64 per cent. carbonate of calcium and 25.20 per cent. carbonate of 
magnesium. 

At Ludlow Falls, the following persons are working the Lower 
Niagara in a small way for building stone, viz: 

The Maxwell Stone Company, 

James Kropp & Company, 

Ehler and Bukholder, 

F. M. Coppock. 

A sample of the formation was taken here, but unfortunately, it 
was lost in transit.” 

The analyses obtained are as follows: 


Piqua Limestones. 





Number of samples. 44 i3 36 
Sea5 Eis | Sing 
3395 su 8345 
5283 ee”. | ar:e 
Een | Ess | Esza 
Description of sanıples. mo -| 854 Sopä 
EssöE| g-- | 825 
6.9] 288 | 2232 
80345 a5 | 3225 
2 = | © 
Silica...... pce N et 6.24 1.40 0.46 
AIMMING sous cca Gases es seks cade: 2.52 1.14 0.59 
Oxide Of Iron son daran den 1.00 trace 0.17. 
Carbonate of caleium ..............c0 ee. 59.40 87.50 82.35 
Carbonate of magnesium................. 31.04 9.40 16.76 
EOUa ls: he cate das ei 100.20 99.44 100.33 





These results show the Niagara at a poorer phase than usual,’ but 
still strongly dolomitic. The Clinton, on the other hand, does not hold 
up to its former figures by a large amount. In its phase shown in these 
analyses, it is of no special interest in the chemical industries, and is 
entitled only to what value it may have for building, crushing, or white 
lime. Of the latter, it would make a hot variety. The Clinton at this 
point is ground, and largely used for marble dust for various purposes. 


MONROE COUNTY. 
The strata of this county are among the highest, stratigraphically 


considered, of the state. The Pittsburg coal is everywhere below 
drainage, and the limestones between the Meigs Creek and Pittsburgh 


LIMESTONES AND LIME INDUSTRY, 00 


are above drainage in onlv a few square miles in the northeast corner 
of the county. The Meigs Creek coal is above drainage in the northeast 
and southwest. but a bread band crasses the county from northwest to 
southeast. which is above this formation and so far as is known is barren 
of all limestone or coal. The only limestone beds of consequence are 
those Iving above the Meigs Creek coal. 

No previous work having been reported from this county on this 
subject, samples were taken at suitable geographical range. Mr. Peppel’s 
observations are as follows: 

“A sample, No. 169, was taken at a point on the B. Z. & C. RR, 
one mile southwest of Coats station. A section of the hill at this point is 
as follows: 


Feet. Iuches, 
Heavy sandstone ledge ........ 222er cee eee .. 
Interval... eee eee en 40-50 BR 
Buff limestone (one bed)... .. 2.22: ees 4 0 
"Buff limestone (two beds)... 0.2... 0.0.0.0. 002 eee 3 U 
‘Brown, laminated shaly limestone. ............. 2 0 
Sample |Shale... 2... 2.2... ccc cee eee eee 0 6 
169 -Buff limestone... 20... eee D th 
11 ft.thick | Hard blue limestone ... 02... eee 1 6 
'Shale... 2.222222 2oeo essen nen sense nennnnn 0 2-6 
{Limestone in uneven beds with shale partings .... + 0 
Brown shale, like a coal blassom........0..0...... 8 
Sandstone ... 0.0.0... cc ee ees Lecce cece eee 


“The following section is characteristic of west-central Monroe 
county. 


Feet 
Hard blue limestone ................6- Sec cece eee eee ees 5 
Shale... ee ee ee ee ee eee weet eee une nn . 10 
Buff limestone... 2.222 o cc cc ee nennen nennen 7 
Shale... oo ce ce eee ernennen nee 20 
Blue limestone ...... 2. oc ce een ce cece eee eect eee e eens 1:0 


“The buff limestone is close to drainage at Dexter eity. 

“Sample 152 was found on north bank of Little Muskingum, near 
Mechanicsburg. This consisted of an carthy, yellow, rotten limestone, 
six feet thick. This sample carries one six inch and one nine inch bed 
of shale. | 

Sample No. 151 came from Quarry I. O., section 6, Bethel township, 
about three-quarters of a mile north of Washington county line. The 
stone is light buff in color, earthy in texture and conchoidal in fracture. 
It weathers yellow in color, and breaks up into small pieces, but does 
not slake into an earthy mass. The strata at this point are as follows: 


Feet. Inchen. 
fed shale oo... core . 
Limestone (roof)... eee eee ees G 
j Butt limestone... nennen j (0) 


Sample Limestone in beds 2 to 3 inches thick 2.2.2.2... 23 
151 | 


Limestone 0... 0... ee cee ee ee eet eee eu neae > 0 
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“The following section was sampled one mile west of Stringtown 
(Fly P. O.) in the extreme southeast corner of the county: 








Feet. Inches. 
Sandstone uns: Mahe ce aia tA eae eae eae tee a 
Sandy SHAG ees ccs cet un 210004 RE ale = 
Sandy limestone (roof) ............ ccc eee eee e ne a 
Green shale ......... 222 cos cece eee eee ences 0 8 
Hard blue limestone ............ 2... ccc eee ees 1 4 
Blue shale u... ee 1 6 
Hard red shale ........ 0... 0... cece eee eee eeee 1 0 
Sample | Limestone, blue tending to buff................. 2 6 
183 Hard green shale ............. cece eee eee eee 2 0 
11 ft.6in. |Green limestone, impure..............0 cee eee 1 0 
Hard blue limestone ........... 0... cece cee ee > 3 
Sandy. Ehales. near ea 2 6 
Green shale... 2u...4 ee els ra aaa 2-3 0 
Eimestönes. seien 0 
Drainage level „sn. en ne 
The analyses of these samples follow: 
Number of samples. | 169 | 152 | 151 183 
er: 2 2 =2a 
Em yo? | os! | xz 
226 S55 ‚53 "TES 
Description of samples. ED 5 2 Fi 2 Pa a ox 3 
„Er EEE Eis | mes 
if | S28 | 353 | » = 
a Ue | oes | ee 
SICH ee ee 15.20 23.53 14.92 26.48 . 
Alumma....usus0022 230480 2204 5.02 7.77 3.83 7.28 
Oxide of iron................065 1.30 2.79 2.47 12.30 
Carbonate of calcium............ 55.80 40.79 47.85 50.50 
Carbonate of magnesium.........| 21.16 23.71 30.41 10.75 
Total isso this waren 98.48 98.59 99.48 97.31 


These results clearly establish that nothing is to be expected from 
the” buff limestones, lying above the Meigs Creek coal in this vicinity, 
so far as portland cement is concerned. They are, however, pretty well 
suited to roman cement of the Louisville type, so far as composition is 
concerned. Whether they would become the basis of a successful in- 
dustry under present conditions is doubtful, in view of the history of the 
Barnesville and Bellaire plants. 


MONTGOMERY COUNTY. 


This district lies on the dividing line between the Hudson River 
group and the Niagara. The intermediate formation, or Clinton, is well 
represented in many places. There are many places where all three forma- 
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tions are present in one hill. The predominant formation is the Hudson 
River, which occupies nearly all of the south half of the county, with 
numerous extensions running into the Niagara of the north half. 


No samples of the Hudson River group were taken, the nearest 
being that of Excello in Butler county. 

Of the Clinton and Niagara a number of analyses were made by the 
previous surveys. The following have been compiled: 





Formation. Clinton. Niagara. 
Location. Centerville Dayton. Wilson’s quarry, Wayne Twp. 
Analyst. Wormley. | Locke. Wormley. Lord. 
III PC} 23 . 
| 2 | 2 | és 
2 ; 8 = 
Description of Sampl x : & 5 
escription of Sample. a 2 5 8 5 3 3 
8 24 3 8° 
E ge | ge sch 
Silicious matter........... 0.85 2.60 3.47 0.80 0.39 4.00 
Alumina.............0005 
Oxide of ion 0.40 0.53 0.55 0.83 0.47 1.13 
Carbonate of calcium ..... 86.30 92.30 90.03 54.30 54.47 51.97 
Carbonate of magnesium... | 11.34 1.10 5.71 43.69 44.73 42.07 
Totals............... 98.89 96.53 99.76 99.62 | 100.06 99.17 


There is some doubt if one of the samples from Dayton is really 
Clinton or not. The Dayton stratum of the Lower Niagara has a com- 
position like the best of the Clinton in a nearby section, and it is not 
unlikely that one or both of the Dayton samples are this typical and 
famous Dayton stone, and not the comparatively little known Clinton 
which underlies it. 

Mr. Peppel made one careful section in this county, to throw light 
on the composition and uniformity of the high-calcium Clinton formation. 
He chose these samples at Centerville in the southeast corner of the 
county. His remarks follow: 

“The Centerville samples were taken from the quarry of the Lewis 
Talbot Stone Company, of Dayton. Sample 45 represents the stripping, 
which is made up of clay and limestone mixed with soil. This is five 
feet six inches in thickness. No. 46 is the famous ‘Dayton’ stone, a 
white limestone of great density, carrying iron pyrites. It is only four 
feet thick at this point. Samples 47 and 48 were two strata of the Clin- 
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ton, having a thickness of nine feet and eight feet respectively. No. 47 

had a stratum of two feet of shale init. This brings us to the bottom of 

the quarry. The stone rests on a calcareous shale, which was exposed 

in a ‘sump’ hole, blasted out to collect the drainage of the quarry. This 

shale was sampled in the walls of the sump, to the depth of nine feet.” 
The analyses follow: 5 


Centerville Samples. 








Number of samples. 45 46 47 48 49 
© . . > 5 . te ae |! 
se. £8 £80 | ES | 88 
“—<om - = - 8. 
aw ZG ze. “9c 3 2025 
Description of samples. re ale =" ¢ SIE a ae 
sed oe S=08 Gad | Me od 
Ba Bee of £| 282 | pose 
ESS Cz i 5 Se) 2d Sans 
Silica. we apa ORs Sorgen th Oe cet wig area 24.20 2.04 4.02 0.50 29.76 
Alumina. oe bos. ee ot ae Se ee 11.03 1.05 2.28 0.48 11.39 
Oxide of iron... et ee eee 1.45 0.15 0.52 1.00 2,85 
Carbonate of calcium. REEL DER 36.85 93.25 §8.95 90.95 31.85 
Carbonate of magnesium........... 24.24 2.82 3.59 7.06 21.30 
99.99 97.15 


POL ANS eosin cue Ske aed Selcaahs 99.57 | 99.31 Re 








These figures are interesting as showing that locally the Dayton 
stone is like the Clinton in composition, but not in physical character, 
and that all of the stones are of the low-magnesia type, while the lime- 
stones above, and the shales below. are heavily charged with this sub- 
stance. It seems in view of these careful sections of the strata, and the 
earlier analyses, that there are certainly areas of considerable size in 
this county where portland cement may be made from the lime. The 
question of economic manufacture still remains, of course, but the re- 
sources are there. The stripping in most cases would be very heavy. 


MORGAN COUNTY. 


Morgan county, lving among the rough, hilly country of southeast 
Ohio, has not up to this time shown any industries based upon the lime- 
stone resources. No reference to them is found in the early reports, 
though the presence of the stones is amply recorded. Mr. Peppel proper- 
ly concluded to make several samples in this district. His descriptions 
of the samples follow: 

“Sample No. 148 came from south half of A. D. McCormack’s farm, 
six miles east of MeConnellsville. This sample consisted mainly of a 
buff, earthy stone of conchoidal fracture. There was evidence that this 
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stone would not stand weather well. About two feet of limestone was 
left out of the sample to provide for what would be lost in mining, on 
account of the roof. This sample also carried a four-inch bed of shale. 
“Sample No. 149 was cut one mile southwest of Unionville, Meigs- 
ville township, on the William Tenment place. It consists of six feet 
six inches of solid blue limestone, with two six-inch stratas of shale. 
“Sample No. 150 came from near the head waters of Turkey Run, 
one and one-half miles west of Stockport. The section there was as 


follows: 


Feet. Inches. 

Limestone (roof)... 2.0.0.0... cece eee eee eee 2-4 0 

Blue limestone ................- cece cece eee 0 6 

Buff limestone... .......0.0 0.0... ccc eee eee 0 9 

Shale... 0.00. eee eens 0 6 

Sample Blue slaty limestone ............... 0.00. c ee eee 1 3 
150 Hard blue limestone .... oc co oe 6 0 
Shale... 0... eee eee n ee enes 0 6 
[Limestone ...... 2222 0. ccc cc ee ee eee eens 2 0 
Limestone and shale, interstratified ............. ‚50 ee 


‘Some of the beds of stone in the strata lying under the sample 
were as much as four feet in thickness.” 
The analyses of these samples follow: 











Number of samples. ws | mi | 149 | 150 

LER | &2 he 5 

oan & oe Gee 

ane Zr => 

ead es, ug: 

Description of sample. 2 SE 5 Se a 8: 

Stu | S42 | Be 

a 00 ES Sle | >39 
Silica... 0. ee ce cece ten ees | 8.24 Siena | ave | a466 | 1580 14.66 | 15.80 
Alumina 220 o oo 262 183.51 3.40 
Oxide of iron 2.202 on 2.30 | 1.85 | 0.90 
Carbonate of enlei UM 22er. 67.18 67.30 71.88 
Carbonate of magnesium ............0...0- 18.24 12.78 | 8.54 

j ; ~~ | 

Totals.... 0... ee eee ee eee 99. OS 100. 10 | 100. 32 


These analvses disclose a situation very similar to that in Monroe 
county, viz: no portland cement materials are indieated; excellent 
prospects for the hydraulic lime industry are shown, if found economically 
feasible; no prospect for good white lime was found. 

These samples all represent the uppermost range of limestones found 
in the state. The Pittsburg limestones—i. e., those lving between the 
Pittsburg and Meigs Creek coals—are present on the west of this zone 
of higher limestones which were sampled. No samples of the lower 
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series were taken, probably because favorable exposures were not seen, 
though they certainly could be found. The Pittsburg stone may pos- 
sibly offer more promising material than that of the Meigs Creek horizon. 


MUSKINGUM COUNTY. 


This county hes wholly within the coal measure area, and its strata 
present an unusual stratigraphical range. The Maxville limestone occurs 
on the western edge of the county, in one of its most promising exposures, 
while on the eastern edge, the strata reach well above the Ames or Crin- 
oidal limestone and probably within a short distance of the Pittsburg 
coal, though not up to it, thus including the Logan, Maxville, Pottsville, 
Allegheny, and nearly all of the Conemaugh formations. 

The limestones represented are the Maxville, the Lower and Upper 
Mercer, the Putnam Hill, the Lower and Upper Freeport, the Cambridge, 
and the Ames, with possibly one or two local veins not recorded in the 
regular scale. 

Of these, but one, the Maxville, offers distinct promise of becoming 
commercially important. The Mercers are thin, the Putnam Hill, 
though of good quality for a coal measure limestone, is seldom above four 
feet and often only one or two. The Freeport limestones are found in 
basins, not regular, and no exposure of any great thickness is known to 
the writer. The Cambridge and Ames limestones are not often more 
than three or four feet thick in this county, but the Cambridge thickens 
up in Guernsey county, shortly after passing through the Muskingum 
line. | 

But two analyses could be found representing the work of the older 
surveys. Neither are well described and one at least does not represent 
the characteristic phase of the material from which it was taken. They 
are as follows: 


ı 


Br we aterm 
BS ee 252 
Description of Sample. aft = a — 92,2 
SSS." Mange 
6S Bees .257. 
eeroots metas 
.: er “res 8 
Fa u) 
Silielous matter ..... oo cc seen ee ee eee ees 42.29 15.20 
Alumina and onide of iron.............0000 ee eee ees 8.28 4.40 
Carbonate of ealeium ........... 0.0 cee ee ee eee eee 49.35 49.80 
Carbonate of magnesium ........ 0.0. e cee eee ed 30.15 





Total era 99.92 99.55 
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The Maxville limestone is developed in a basin of small extent, but 
unusual thickness, at Fultonham in the southwestern corner of the 
county. The Fultonham beds have been quarried for stone for a long 
time past, but are not now worked. The top of the formation is here 
on the surface at the valley level, only twelve to fifteen feet above drain- 
age. Massive blocks of it, separated by cleavage cracks, pave the valley 
of Jonathan’s Creek at this point for about a mile. The quarries are 
necessarily shallow, as the water level is soon reached. Eighteen feet 
is the maximum depth reached, and this could only be maintained by 
vigorous pumping. 

Mr. A. J. Hoover, of the Fultonham Brick Company, has drilled 
through the stone in several places, in search of an artesian water supply. 
He reports the stone as variable, being cut out in spots, and present in 
points only one hundred feet or so distant. The thickness at the points 
drilled was about forty-five feet. 

There is small hope of finding this basin of thick stone over any 
extensive area. On going northeast, up the valley of Jonathan’s Creek, the 
stone rises rapidly and in three miles comes up above the bed of the stream, 
so that the full section can be seen in the railroad cuts along the bank. 
At this point, the thickness is only fifteen feet, and the chemical and 
lithological character has wholly changed, the magnesia becoming high, 
and the stone stratified in beds of markedly different characteristics. 
Some of these bands are highly conchoidal, buff limestone of apparently 
high purity. Others are heavy, dense blue bands, others soft, yellow 
and silicious. No one would recognize the formation as the same one 
seen at Fultonham, if it were not clearly traceable for the whole distance. 
Toward the south, the stone goes under cover at once, and no wells or 
drill holes in that direction have reported any large development of 
limestone. To the east, down the valley of Jonathan’s Creek, the stone 
can be followed three miles or just below White Cottage. It is dipping 
faster than the stream falls, so its top layers go under cover shortly. 
Drill holes three or four miles eastward have been put down without 
finding large limestone developments corresponding to the Maxville. 
Northwards the stone may be traced about three miles to the bottom 
row of sections of Hopewell township. Here it is on drainage level, 
fifteen feet thick, and somewhat magnesian. 

Thus the deposit is actually known to exist in a space of less than 
six miles long and four miles wide, while the area where the character 
of the stone is good is three miles long and very narrow. The valuable 
phase of it occurs at a point where the top of the stratum is rapidly 
approaching water level. By opening at sufficient distance back from 
the creek, and using modern methods of quarrying and pumping there 
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is no doubt that a large output of stone could be maintained—larger 
than any other point known to the writer in the coal measure limestones 
of Ohio. Unfortunately, only a limited number of such sites can be found 
in this area, and the investment required to secure them all would be 
small compared to what large portland cement companies are often will- 
ing tospend. This deposit will be further considered in connection with 
the discussion of the Maxville limestone as a formation, in the succeeding 
chapter. 

The composition of the samples of this stone taken for this report. 
are shown in the following. The samples were taken by the writer, and 
the analyses were made by Mr. Peppel and Mr. Nauss. 








Analyst. Nauss. Peppcl. 
Number of sample. — 0-61 0-60 
. © hos DE 
Ex.S 5° Gass 
en .| Se 5:3 
“rel 335 | FI" 
. . [ei o PI sme oO _— ° 
Description of sample. BET ‘2-8 Ra se 
en: ¥ 4 - . 
= [9] 2m u 
—gk2z] 255 ei rt 
= or = zo 
ie ae zes on i= 








Silica. .... een 2.80 3.04 6.96 
Alumina ....... 0.000 en 1.16 1.54 2.35 
Oxide of iron. ..... oc nenn 0.40 1.85 
Carbonate of caleium.......... ween cece 92.80 92.92 82.30 
Carbonate of magnesium ................. 2.13 1.21 5.72 

Totals .... 0... cece cece ccc ee, 98.89 99.11 99.18 


The quality of this stone is certainly very good for portland cement 
manufacture. It has been used for burning, producing a very hot lime 
of high value. It is not popular with masons who are accustomed to 
the mild magnesian limes of western Ohio. It has also been used for 
building stones to a limited extent and for furnace flux, for which it is 


admirable. 
NOBLE COUNTY. 


This county is covered with the upper formations of the Carbonifer- 
ous, chiefly the Conemaugh and Monongahela. The limestone wealth 
is at a minimum, being confined to those which overlie the Meigs Creek 
coal. The early reports give nothing on this subject bevond showing 
the presence of the limestones in sections. The present work is able to 
add but little. Mr. Peppel found but one point where the exposure 
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justified sampling. viz: on the William Calland farm, one mile east of 
Somerfield. near the eastern line of the county, The section was as 
follows, taken from Mr. Peppel’s notes: 


Feet. Inches. 

Buff limestone... ce ees 44a 0 

Coal oo. ce eee eee ween 3 ID 

Shale... cc eee een 35-15 1) 

Limestone cmos ee ees » 0 

‘Limestone, uneven in bedding... 00000 ea 6 vi 

Sample Shale... 0. eee ees a ti 

154s Limestone o.oo ew cee 2 v0 

10 ft.thick Shale... Soon nennen cee ees 0 0 

Limestone ooo ccc ee eens 0 ti 
Shale... ee eee eee eens . . 


The stone is of eonchoidal fracture and does not stand weather well, 
The analvsis is as follows: 


Per cent. 
Silleal. oc ce ee cece e ence ee eenas 16.44 
| Alumina ve 
Sam le i¢ : ry “ Cr Er Eee EEE EEE EEE EEE GE EEE EEE EEE EEE Er GE Er Er N ei, - 
15 I y Oxide of ron ooo ce ee eee eee eas 1.65 
‘ Carbonate of ealeitum oo... 0.0 ce eens 2.30 
Carbonate of magnesium... eee eens 13.01 
Total. ccc ce cece eee eee nuen QS.05 


This agrees with the type of the limestones of the same horizon from 
Monroe county, Just east of this point, and Morgan on the west. It does 
not promise any wide usefulness under exisiting conditions. 


OTTAWA COUNTY. 


More lime is burned and probably more limestone quarried in this 
county than in any other in the state. The formations are three. The 
Niagara and Waterlime alternate in bands a few miles wide and cross 
the county from north to south. There are three such bands of Water- 
lime, and two of Niagara. Finally, there is on the very tip of the 
Peninsula a little area of Corniferous about four miles wide by four miles 
long (see map). The quarries are located in three groups, the western 
at Genoa, the central at Limestone and Roekv Ridge, and the eastern 
in the Corniferous on the Peninsula. 

These quarries were thoroughly studied by Dr. Orton in ISSS and 
there has been no need to dupheate his work. The following resume 
of his findings is given: 

The quarries at Genoa are loeated at about the junction of the Spring- 
field beds of the Niagara, and the bottom of the Lower Helderberg. Of 
the quarries then open, all but one had more or less of the Lower Ilelder- 
berg on the surface, but all were using the Springfield beds of the Niagara 
exclusively for the burning of lime. The two beds cannot be distin- 
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guished by analysis—both are dolomites of high purity, but by lith- 
ological and paleontological evidence, there is said to be no difficulty 
in distinguishing the two formations. | 


Niagara (Springfield) Limestones from Genoa, Analyses by Lord. 


= | > be my £ 

E E 7 E c 

5 = 3 z A’ 

= Er ro er 5 

Description of samp'es. nm. me “2 29 E 

E a8 a te = 
Es ES =. BS id 
Ba Eo Ea 25 =. 
eO of Pa oe ce 

= z = en 5 
Sih ea ass 0.04 0.22 0.23 0.28 0.24 
Alumina and oxide of iron.......... 0.23 0.51 0.16 0.42 0.44 
Carbonate of calcium .............. 55.97 53.04 54.30 55.59 54.61 
Carbonate of magnesium ........... 44.27 46.01 45.14 43.67 45.05 
Totale 100.51 99.78 99.83 99.96 | 100.34 


These limestones are the basis of a very large and important lime 
industry, the main output of the quarries going into the kilns. 

The next district, around Rocky Ridge, is using the Lower Helder- 
berg or Waterlime formation, and turning out a product not chemically 
distinguishable from the Genoa product. The analyses are as follows: 


Lower Helderberg Limestones from Rocky Ridge District. 


— 


Rocky | Limestone 


Lo:ation. River. Station. 
= 
ad 
3 E 
Description of sample. 5: . 
aw = 
SE = 
id ja 
SICH 0 ee a Eee Barnes 0.87 0.29 
Alumina and oxide of iron..............00000 ee eee 0.29 0.25 
Carbonate of calcium ............ 0.00 cee ce eee eee 54.10 54.12 
Carbonate of magnesium ..............00 20 ee eee eee 44.27 44.79 
PGE Al wei eeneea east at and eae eee 99.53 | 99.45 


The product of these quarries is largely lime, as at Genoa. 
The Corniferous area is the scene of still larger activities, there being 
more quarries and more kilns than in any other similar area in the state. 
The formation of the end of the Peninsula shows the Lower Helder- 
berg forming the floor rock, about thirty-five feet above water-level at 
the west end of the Corniferous area, and dipping steadily to the south and 
east, until its upper surface disappears below the water level at or near 
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Roessling’s dock on Marblehead. In Hartshorn’s quarry, which is the 
westernmost of all, the section shows as follows: 


Feet. Inches. 
(Stripping, used for pier stone ...............6. 2 0 
Corniferous!Cap rock, used for flux, etc. ..........00. 00 8 6 
[Bottom rock used for lime...............0000, 11 0 
Interval not exposed,but chiefly lower Helderberg 50 0 
Toaster 71 6 


Various analyses of the stone from these quarries have been made. 
The “bottom rock”’ is so called because by local custom it is the lowest 
stratum worked in this vicinity. The real bottom of the Corniferous 
occurs about fifteen feet lower. The lower strata grow progressively 
more magnesian as they go down, and as it is well known, the Helderberg 
when reached is a very pure dolomite. The following analyses set forth 
these relations very well: 


Analyses of Corniferous Limestones at Hartshorn, and Vicinity. 








Annivst, Wormley. | Lord. 

ESaz Fe -= 4 TE ‘a 
|, .| fas | E.: oe =| “ecg 
Description of sample. | Ze Ac E % ac E a # es “: N 
2 ui = 202 ui Ss as A geRAr 
Birne rue 2.70 1.00 2.65 6.48 3.85 
Alumina and oxide of iron.......... 3.30 0.37 0.44 0.45 0.65 
Carbonate of caleium .............. 65.80 89.20 77.23 64.52 57.98 
Carbonate of magnesium ........... 27.95 9.64 18 85 28.83 35.57 
POURS cos emi eed ee Ss ee 99.75 | 100.21 99.17 | 100.28 98.05 





Neglecting the Wormley analyses, of which the nature of the sample 
is not known, this series presents a very pretty reduction in lime and 
increase in magnesia, as the Corniferous is descended and Waterlime is 
approached. 


Passing eastward, the most of the quarries are found grouped near 
the end of the Peninsula, at or near Marblehead. The section here has 
altered by the almost complete submergence of the Waterlime below 
the level of Lake Erie, and the thickening of Corniferous section to about 
forty-five feet. The ‘cap rock’? and “bottom rock’”’ of Hartshorn’s 
are still characteristically developed and the lower fifteen feet of stone 
is silicious and not used. 

The cap rock is also used here for crushing, for flux, for pier stone, 
etc. One firm only use it for lime— The Ohlemacher Lime Company— 
and they do so because the dip of the rocks have left the cap rock aa 
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the only material above the water level, at their quarry. Their lime is 
notably hotter than that of the other firms. The ‘bottom rock” of the 
other firms is almost exclusively used for lime burning. 

Analyses of these two strata, cap rock and bottom rock, at several 
of the quarries are given, supplemented by three analyses by Mr. Peppel 
of samples taken from the fifteen feet below the “bottom rock” and con- 
stituting the real bottom of the formation. This rock is silicious and 
rejected at all the Marblehead quarries. 


Analyses of Corniferous Limestones at Marblehead, and Vicinity. 














Annlyst. Lord. Penpel 

"2 gr 1 ro 2 = fom | + oga 
Hn as PE Fr a & 6 &5- Zen 
# Eee e “= = = To a ey Es - ge a 
se |*= [os |®S 15% | RE. | "82 [tone 
| ve Be ca .. Er pat ae=| sub ls” 5 
Description of sample. a .)Ea.| @ == S| Se. | © 4 |20,;8 
an] om | = = pn a= » = lee 
sel ae] _# ao Se) eea!] Sake |S cee 
„Dal ~58| F28| +388 eas | -@8 |] S228 | 2.728 
= =| = = ia = =i = an at Ee — a BE. © = cg 
ao) SRS) a | Og] FOS] “Fa Sa | Sul 

0 mS | o = > ei wn u 
ee a my | pat | m | =~ = 1 | a | “ 
ER ia a nn nn en „..) 150) 1.63) 1.55) 1.77] 1.5] | 5.64) 42.02) 2.06 
Pi u a oo —_ I 5 
hl) — a eernnnn eo a ie „nl! 0.56 0.70 0.64 

"het _ 0.22) 0.90/ 0.40) 0.06| 0.3311 ,..“ * | 

Oxide of irom ...... ie | \trace | trace | trace 
Carbonate of caleium ........; 34.51| 69.61| 81.48) 73.61| 89.08) 58.30) 36.10] 59.10 
Carbonate of magnesium ......] 13.31] 27.43| 15.84] 24.26) 8.34) 36.35) 21.58) 39.04 


OB. 99.54) 99.57) 99.27] 99.70) 99.26) 100.85 100.40 100.54 


Te ee _______________ ee —_——_— —=_— - — 


Of the samples taken by him Mr. Peppel says: 

“Three samples were taken from below the bottom level of the main 
quarry of the Kelley Island Lime and Transportation Company at 
Marblehead. The first, No. 17, consisted of what is called locally “black 
rock,” although it is not very dark in color. It consists of even beds with 
numerous chalk-like concretions, probably broken down or weathered flint. 
No. 18 consisted of layers filled with flint nodules. No. 19 was a light 
colored, even bedded, moderately soft stone. None of these are used.’ 

It will be noted that the strata sampled in these quarries are the 
lower part of the Corniferous, and therefore in the Columbus formation 
and probably in the lower part of the formation. The composition is 
quite different from the same part of the formation at Columbus. The 
cap rock of the Marblehead quarries 1s chemically almost the exact 
counterpart of the lower beds of the Columbus formation, as found in the 
Columbus quarries. But the rock is hthologically different, and the rock 
of the lower Marblehead quarries, which is lithologically about the same 
as the Columbus bottom, is progressively more and more magnesian. 

Of course, it cannot be stated that the Columbus quarries represent 
the bottom of the Columbus formation, while the Marblehead quarries 
certainly do represent the bottom of the Corniferous at that point, as 
their Junction with the Lower Helderberg can be found in many places. 
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The Ottawa county lime industry presents an interesting situation, 
from the standpoint of the chemical composition of the rocks. Three 
grades of lime are produced, from four formations at Genoa; Niagara 
dolomite, a very pure, very white, very mild lime, containing fifty-six 
per cent. calcium oxide and forty-four per cent. magnesium oxide. 

At Rocky Ridge, Lower Helderberg dolomite, also a very pure, 
very white, very mild lime of the same chemical proportions. 

At Hartshorn’s and all the Marblehead plants, except one, the so- 
called ‘‘bottom rock” of the Columbus formation, but really a fifteen 
foot stratum, fifteen feet above the bottom of the formation, producing 
a hotter, stronger lime,-of good color, having approximately eighty per 
cent. calcium oxide and twenty per cent. magnesia. 

At one of the Marblehead quarries, the “cap rock,’ a fifteen foot 
stratum producing a hot white lime of great activity, having approxima- 
tely ninety per cent. calcium carbonate and ten per cent magnesian 
carbonate. 

It is significant that the Corniferous limes have stood for many 
years the competition of the purest and finest dolomitic lime in the 
market. Dr. Orton wrote in 1888 that they were then able to get even 
a little better price than the dolomitic limes, and that the Ohlemacher 
plant, producing the hottest, quickest lime in the district, had at that 
time built up the strongest business of any of the lime producers at that 
point. Of course, business energy and sagacity may have been the cause 
of this leadership, but it goes to show that the high-calcium lime was at 
least no serious obstacle. 

At present, the Corniferous lime industry of the Sandusky district 
is among the larger lime producing centers of the state; the Corniferous 
lime industry of the Marion district is also very strong. No differential 
in the price of lime now exists between the Corniferous limes and thosa 
from the dolomitic limestones. There is every reason to expect from the 
chemical point of view that a hot lime would carry a larger quantity of 
sand than a magnesian lime, if it is properly slaked and treated. In any 
case the lime resources of this county are immense, the varieties include 
everything but the purest high-calcium limestone, and give all the needed 
range of composition for the requirements of the lime and quarry in- 
dustry as now understood. They do not offer any expectation of ever 
becoming the busis of a portland cement industry, however. The latter, 
if established, will depend upon marl beds which are not at all unlikely 
to occur in the flat, marshy country which formed the borders of the 
receding Lake Erie in glacial times. 


PERRY COUNTY. 


Carboniferous strata cover the surface of this territory, except for 
a short distance up the valley of Rush creek in Jackson township, where 
the Logan sandstones are found in the valley bottoms. The stvati- 
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graphical range comprises from the Logan sandstone to the horizon of 
the Pittsburg coal in the extreme southeast corner of the county. In the 
bulk of the county, however, the Freeport coal is the highest formation. 

The limestones represented are the Maxville, the two Mercers, the 
Putnam Hill, the Freeport, the Cambridge, and the Ames. These strata, 
with the exception of the Maxville, are never thick—two to three feet 
is the usual development, with four to five feet representing maximum 
thickening. While they are generally low in magnesia, and high in 
- calcium carbonate, they are often strongly diluted with silica, alumina 
and iron, becoming dark blue, flinty, or shaly. Frequently their suit- 
ability for cement making is enhanced by these very impurities, and 
they would be used in connection with a pure high-calcium stone as the 
ideal way of introducing the silica and alumina in its best physical form 
for combination. Anexample of stone of this sort is found at Somerset, 
where the lower Mercer, four feet six inches, is quarried for road material. 
Its composition from a carefully taken section, procured by the writer 
and analyzed by Mr. Peppel, is: 


Per cent, 
Silica... 2... ce eee ee eee ren Kerreessersennennne 31.70 
Alumina......o2occee een cc et ec eee ee cence ernennen 2.91 
Oxide of iron 2... .. 0. ccc cc cc cece cece eect neces 1.55 
Carbonate of calcium ........ 0... ccc ccc cece nenn ne 61.75 
Carbonate of magnesium.......... 0. ccc eee eee eee 0.83 
X) 7: 98.74 


Professor Lord (Vol. VI., p. 682) cites an example of the Ames 
limestone in the Sunday Creek district, which represents the other or 
pure phase of these thin limestones: 





Per cent, 
Silicious matter... 0... 0... ccc cece cece ee eee cee ee ecaes 2.23 
Alumina and oxide of iron .............. 0c cc ceccceees 1.26 
Carbonate of calctum........... 0.0 ccc eee eee eee 94.18 
Carbonate of magnesiuM.............. 0c cece cece en eaes 1.02 
Total... ccc ccc ccc ccc ccc cece cc cee eee e cece eeneee 98.69 


It cannot justly be said that these thin veins of limestone, no matter 
how suitable or desirable they are for cement manufacture, are likely to 
become the basis or accessory of a cement industry under present condi- 
tions. The cost of mining them is now prohibitory, except under excep- 
tional conditions and for limited quantities perday. Nevertheless, they 
are in existence, and may become of great importance under the con- 
stant shifting which economic and technical conditions are undergoing. 

The Maxville limestone occurs in a number of points in Perry county, 
and on account of the most favorable appearance of the deposit at Ful- 
tonham, just over the Perry county line, the formation was traced with 
some care. 

The town of Maxville, from which the formation is named, lies in 
Monday Creek township, in the southwest corner of the county. The 
Jimestone is found in one of its most characteristic, but not its best, 
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showings on the land of David Hendricks, between Maxville and Winona, 
and on a number of other farms in that vicinity. The stone has been 
opened up on a small scale for furnace flux, lime and building stone and 
presents in its various members a thickness of thirteen or fourteen feet. 
These figures are probably slightly exceeded at nearby points. The 
section of the stone is as follows: 


Feet. Inches, 
Shale (roo!) u. ee 4 
Sample 53, ‘Building stone,” a hard blue limestone rejected 
for flux, but used for building purposes........ 2 0 
Sample52, Shales. oc. 32.222 os cece en 0 10 
Sample 55,. Lime stratum osc. ss ow ek bas vee sels a eee wees 0 4 
Samples). Shales s 2a tine aera as > 0 
Sample 51, Buff stratum of limestone ..................4.. 5 0 
Sample 54, Gray stratum of limestone..................65. 4 6 
Shaly limestone's4:s5¢0tceee cca sas obese anes 1 0 
Sandstone. Logan formation ............eee008 0 


These various elements of the section were sampled and analyzed 
separately. Great care was used in sampling to make the samples 
thoroughly representative of the strata. Two earlier analyses by Pro- 
fessor Lord are also included. 


Analyses of Maxville Limestone from D. Hendrick’s Quarry. 





Analyst, Peppel. Lord. 
Nuinber of sample, 0-53 | 0-52 0-55 0-51 0-34 = os 
Se EE ee eS es eee 
ı eı | ee in wT " 
- _ = | I ’ a2 ae 
co |e | gst) e EEE 
; “ee a ng m un" =, = 8 = 
Description of sample, - Es > 6 E= aS 3 °s r 
eS ”n — 5S 2.2 ots = 3 
a a ea a | & 
S —— a ot = GS Oa a -" = 
= 77 = a 6) | o ei 
SICH ee 16.34 | 43.86 | 10.16 9.56 6.14 3.60 3.76 
Alumina er eee 02608, ese we ee ee 1.70 17.87 2.34 1.54 1.40 \ 0 60 [nd 16 
Oxide of iron........... 1.00 | 2.01 | 0.50] 6.20] 0.40 : 


Carbonate of calcium....| 80.35 | 31.15 | 86.27 | 54.70 | 90.96 | 95.10 | 57.86 
Carbonate of magnesium.| 0.68 4.31 1.40 | 27.15 0.90 1.30 30.78 


es | es | rs | ees | eis | es | qe 


Calculating the mean composition of the vein, including everything 
from the bottom of the gray stratum to the overlying shales above the 
building stone stratum, the figures become as shown in column 1. Re- 
jecting the buff stone and including everything else, they become as in 
column 2. 








Column 1. Column 2. 
SIIICas a. ores eee a ere eee eee 16.16 19.50 
ALUMING 604 8 asien sea 4.71 6.34 
Oxide of iron .........cc ccc ccc eee teen 2.78 1.03 
Carbonate of calcium ............2.20- 65.82 71.25 
Carbonate of magnesium............... 10.53 1.88 
Total erde: 100.0 NW 
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‘ It is obvious that the first proposition would not do, so far as port- 
land cement manufacture is concerned, on account of the high magnesia. 
The second proposition, excluding the buff stratum, would produce a 
mixture of about the right composition for cement, but from a vein only 
nine feet six inches to ten feet thick, and involves mining or quarrying 
thirty per cent. of rock not useful for the cement industry, and for which 
a market would have to be found, or the handling figured as a loss. 
The difficulties are somewhat further increased by the fact that the 
stratum is somewhat near to the top of the hills at this place, and the 
shales which would be the roof would be too much softened by weather 
to stand heavy blasting. Neither could they be stripped off econom- 
ically over large areas, and to strip for a narrow zone around the outcrops 
would not permit a large enough output to be won for a large cement 
industry. The conclusion is reluctantly reached that at this point this for- — 
mation offers a possible but poor opportunity for cement manufacture. 

Passing northward from Maxville, the formation could not be found 
in Monday Creek or Jackson townships, though many places were reached 
at which it is stratigraphically due. 

In Section 25, Reading township, on the farm of Thomas Poling, 
the stone reappears suddenly with a thickness of twenty-five feet. It is 
divided here into beds, having no resemblance to the Maxville beds. 
The bottom ten feet six inches are solid, dense, well bedded, blue or light- 
colored limestones, in ten to fifteen inch courses, and looked promising. 
The upper twelve or fifteen feet are shaly, of a light buff color, weather- 
ing a yellow tint, poorly bedded and unpromising in appearance. A 
section was cut, from top to bottom, as well as the sloping nature of the 
outcrop permitted, with the following analyses. The samples weighed 
about seventy-five pounds each, and were made by the writer and the 
analyses by Mr. Peppel. 


Maxville Limestones in Northwestern Perry County. 














Number of sample. 0-56 0-57 0-62 
ee | we etal 
35 E = S| Fa. 
Kos [er ® An a” 
. a ” a8 on 
Description of sample. = 8 odan 
222 | fen [Fes 8 
Bis | 58: |cesee 
. ape on Pi 
Silica... ee cece nen onen nn 12.94 3.80 9.88 
Alumina... ...... 20 c cece eee eee e ee eens 2.70 0.94 2.98 
Oxide of iron ........-..--- +e eee nae eeee 2.00 2.70 2.02 
Carbonate of calcium ...............+--6. 72.36 82.35 69.76 
Carbonate of magnesium.................. 10.68 8.46 14.71 
Totals ...... 2. ccc eect eee eee eens 100.68 98.25 99.35 


The sample 0-62 was taken from a cut of the Zanesville and Western 


LIMESTONES AND LIME INDUSTRY. 115 


Railroad between Mt. Perry and Fultonham, in Madison township. The 
formation here is different from that seen elsewhere. It is composed 
of more members, thinner strata, and more beds of shale interpolated 
between the limestones. The gray or white bottom stone of the Max- 
ville section reappears here, giving a most beautiful conchoidal fine- 
grained stone of apparently unexampled purity, but the stratum is only 
three and one-half feet thick. Then follaws a massive buff stratum, 
four and one-half feet thick, without partings or bedding. Then two 
feet of good solid limestone, followed by a buff stratum, a light yellowish, 
porous rock of extraordinarily small specific gravity, which was calcif- 
erous, but only in moderate degree. This stratum was five feet thick. 
The upper beds of limestone consisted of two hard gray or blue strata, 
separated by soft calcareous shales and bowlder limestone, full of perfect 
brachiopod shells, which could be picked out with great ease. 

Another deposit of this capricious formation is found at Glenford, 
on the extreme north edge of the township and county. It has been 
quarried here for furnace flux, and for road materials during the 1830’s, 
while the Maysville pike or National road was being put through this 
section. These old workings were long since abandoned and are now 
so filled up that samples could not be gotten. The stone which appeared 
here and there was characteristic in its color and appearance. The 
thicknesses reported vary from six to ten feet. 

The results of this investigation are disappointing. The facts may 
be summarized as follows: 

First: The Maxville formation in Perry county is capricious, ap- 
parently occupying small basins which do not communicate. 

Second: Each deposit found was chemically and lithologically 
distinct from any other. 

Third: The same deposit varied in structure and composition in 
different parts, to a degree never before observed. 

Fourth: The chemical character of the stone varies from very pure 
high-calcium stones in some strata, to highly magnesian, almost dolo- 
mitic, in others. Silicious and shaly strata are common. 

Fifth: No deposit in this county was found which seems to offer 
a valid hope of industrial utility at present. The distance from the Mt. 
Perry sample, 0-62, to a point where the formation is highly excellent 
is but small, and a portion of this excellent bed may cross from Musking- 
um county into Perry county. Such an area probably could not be 
large, however, as the deposit has become valueless by the time it reaches 
Mt. Perry. ; 


PREBLE COUNTY. 


Preble county contains an interesting lime industry, which has 
received a careful study by former geologists and by the present inves- 
tigation. The formations represented are the Hudson River, occupying, 
the southern third, the Niagara the northern third, and the Cinton 
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forming an imbricated and wavering margin between the two. The two 
upper formations are worked for lime and stone, but so far as is known 
the Hudson River is not. 

The lime industry of the county is fairly large and the limes have 
been produced for a long time. The early surveys have given the follow- 
ing data on them. 

Dr. Wormley in 1869 and 1870 examined samples of the stone from 
Eaton, where lime was then being burned. His analyses are as follows’ 


Eaton Limestones. 


—————— a ne EE ae 
ee 





Silieious matter .......... 00.0 cece ccc cece eeeees 0.35 9.40 
Alumina and oxide of iron................00ce cease 0.80 4.40 
Carbonate of calcium ............ ccc cece eee eee ees 85.21 49.75 
Carbonate of magnesium ..................0. ee eee 13.56 35.87 

Total Hauses a 99.92 99.42 


Nothing is recorded as to the samples, but the results which they 
show are not typical of either the Clinton or the Niagara, as we now 
know them to exist in this region. 

. Dr. Orton, in 1887 and 1888, studied and sampled this locality with 
a view to determining what was being done, and what formations were 
available. He found the industry centered at the New Paris quarries, 
and Lewisburg. The New Paris quarries were supposed to be on the 
stratum corresponding to the Springfield stone, but the analysis of this 
stratum was distinctly different from the usual. Dr. Orton compared 
this stone in composition to the lower portion of the Corniferous, but 
still considered it as the Springfield stone. 

The Lewisburg quarries he found to be good examples of the Spring- 
field stone, viz: pure high-grade dolomites. His samples, analyzed by 
Professor Lord, are as follows: 





Locality. New Paris, Lewisburg. 
u be hue Be in = 
be ba hee a = Fr a = 
ad ad a3 SE | af af 
38 a6 aa *s | =, u 
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Silica... 2.2.2.0... cece eee 0.61 1.23 2.21 0.60 0.89 1.31 
Alumina and iron......... 0.37 0.38 0.56 0.60 0.45 0.94 
Carbonate of calcium ..... 61.33 67.51 67.00 55.20 54.58 52.70 


Carbonate of magnesium...| 37.68 30.84 29.26 43.28 43.93 43.96 


aa | en | commerce peers | erties | epee 
—_— ee 
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The object of the present investigation being to lay special stress 
on the cement making capacities of the Ohio limestones, Mr. Peppel in 
entering this field decided to sample the Hudson River formation at 
least once, and to study the Clinton formation thoroughly with a view 
of seeing if the prophecy of Wormley’s results could be commercially 


made good. Mr. Peppel studied three localities with the following re- 


sults: 
“The samples representing the Hudson River group were selected 


at Camden. They were taken about one mile west of town, from a bluff 
known as ‘The Devil's Backbone.’ At the point sampled, there is a 
vertical cliff about eighty feet high, Paint Creek flowing past its base. 
The drift at the point sampled was from four to ten feet thick. The 
rock extends northeast and southwest and west for a considerable dis- 














”) 
tance. 
Analyses of Camden Limestones. 
cote a an | | i % 
Sompie number. } | hd 52 | ol ot) | 
‘ ———— fF ger t= wed ie eee ~an | oe 
= © | 95% ws 3 = & = 
ee | of ¢ B he 
os = 2 ae -: 
Description, a - 4 pk 2 pet: | =e „ 
he =F. ee = 3 | og | 
A 5 8 Ess En & Be ‘f 
rf Poa Fae cou Pre | & 
| a | = | u = | = | ri 
AR: | A 
Silica... . 4,70 15.28 13.16 14.60 11.62 13.23 
Alumina... era a “OS 6.05 5.15 5.25 4.84 5.24 
Oxide of irom .........5.. | 0.85 1.25 0.75 1.55 0.80 1.03 
Carbonate of ealeium .....| 80.40 | 70,35 75.90 72.30 76.70 74.50 
Carbonate of magnesium... 3.09 | 5.34 3.30 4.37 4.54 4.20 
| zZ — — — — se ad SEN ae aR = RR A a A | EEE mie Zea mareta ———————_—————— 
| 98.35 | 98.27 98.26 | 98.07 | 98.50 | 98.20 


Totals ..<.asce: si 





This material, if its entire cross section were worked, would produce 
a stone capable of making a hydraulic lime, if burnt at ordinary lime- 
kiln temperatures, or capable of making a portland cement if burnt at 
higher temperatures with some small alterations of its composition by a 
mixture with a purer limestone and a little fine silica. ‘The composition 


of this stone on burning would be: 





Per cent. 
PSIG fig Geeta ject ae tered aa eerie ae et ete dark es 20.93 
FUEL GLU of Reema a a ete aN OP RPS ae On mn RARER eS nae RE 8.29 
Perle ONC Cre so ee Aw ei 1.63 
Calan oXtde.. 2.002 are Pk cas a cn 66.00 
Magnesium ORIG 6.0% fess ewe at eee ces edaee sun 3.16 
Ola he ee red 100.01 


This is a little too low in silica and a little too high in lime and 
alumina for the best results as a cement. This formation shows to an 
unexpected advantage at this point, and in connection with a purer 
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limestone in small quantities could undoubtedly form the basis of cement 
industry so far as the technical question is concerned. The economic 
advantages of the location would still remain to be considered. 

“The Eaton samples were taken from the bed and banks of a small 
stream on the James A. Kautz farm, just below the quarry in which the 
lower strata of the Niagara are being worked. Sample No. 60 is the 
bottom of the Clinton, resting on a bed of shale. The point is about 
two miles south of Eaton. 

“The Kautz quarry is a large opening and is working out stone at 
the rate of six hundred perch per annum. The stripping is elay and 
gravel, of a depth of four to ten feet. The stratum worked is a blue 
stone in even beds, of a thickness of fifteen feet. This was not sampled. 
Its composition was found by Wormley to be that of a dolomite, though 
impure with silica and alumina. (See first table of analyses given in 
Preble countv.) 

“Mr. F. J. Wilson is working this stone at Lewisburg, exclusively 
for building stone. The quarry is large, sending out about twelve hun- 
dred cars annually. No use has been made of the spalls, and in conse- 
quence there is an immense pile of stone of small size which could profit- 
ably be made into lime or, crushed, or, better still, sorted and put to both 
uses. The quarry is provided with railroad facilities. Another party 
is burning lime in the vicinity of Lewisburg.” - 

The analyses of the Eaton samples are as follows: 


Analysis of Clinton Formation, near Kautz Quarry, Eaton. 


nm em — —— 


- ee ee ee 


fer) 
oo 
oO 
D 
for) 
b_ 
o 
= 
S 
® 
© 
3 














Number of samples. 

8 E E g 7 
A 2, | 4, | 42 ] 3 
Description of samples. és ee 23 = = 
"3 me ro bc on Ce 
5 BE | £2 | #8 e2 

= z Z 2. = 
Silica 0.2.00... 0000 eee eee eee eee 1.02 0.92 0.58 0.74 0.78 
Alumina ...............-00 cece eee 1.22 1.00 0.47 0.62 0.7 ( 
Oxide of iron .................200- 0.22 0.10 0.25 0.40 0.29 
Carbonate of calctum ............... 95.35 95.20 91.85 94.45 94.10 
Carbonate of magnesium ........... 2.21 2.40 6.50 4.07 3.99 


Totals..........2.2222222000. 100.02 99.62 99.65 | 100.28 99.63 


These figures are valuable, showing stone of a mean composition 
which would produce a high grade of portland cement. The detail with 
which the strata were sampled reassure us as to the worst as well as the 
best features of the case. 

“The New Paris samples were taken from the quarries of Rein- 
heimer Bros. ; sample 33 rests on a shale which overlies the Clinton. This 
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bed carried many flint-layers, one for every twelve or eighteen inches. ° 
No. 34 was the top ten feet of the quarry and was a handsome even- 
bedded stone, suited to building purposes. A few hundred yards south- 
west of the quarry, a hole had been blown out at a lower level, showing 
about two feet of coarsely crystalline, nearly white stone which was 
sampled as all that was available of the Clinton. It only represents the 
extreme top, of course. This sample was very similar in physical char- 
acter to the Centerville and Piqua samples of the Clinton.”’ 


New Paris Samples. 


-— 








Formation. Lower Niagara, Clinton. 
Number of sample. 34 33 35 
to gx ad 
ceS Exe, | S48 
u =§3 S2¢2| 284 
Description or sample, wed oe 85 “no 
& so b> Ex < aS 
Tc wy Oa se > 
BES 2235 | *32 
ee) [23 an 
| 
Silica, nenne aeeees 2.50 18.20 1.52 
Alumina Lecce eee eee n nee eeeeeenenees 1.32 1.89 1.00 
Oxide of iron 20.00.00... ce ec eee es trace 0.15 0.60 
Carbonate of calcium .................... 67.00 54.80 95.10 
Carbonate of magnesium.................. 29.32 25.80 1.80 
Totals...... 0... 0. ce eee ee 100.14 100.84 100.02 


The composition of the upper course here agrees almost exactly 
with that given by Dr. Orton in 1888 for the New Paris lime strata. By 
inference, he says that this is the Springfield stone, but Mr. Peppel’s 
samples of the present workings of these quarries disclose the bottom 
of the Niagara and the top of the Clinton close below. This would make 
the blue stone which is used here very doubtfully referable to the Guelph 
beds. The Clinton, although it seems to lie too low to be easily accessible, 
apparently has an excellent composition for cement, sugar-refining and 
similar chemical purposes. 

These investigations have disclosed, first, that the Hudson River 
group has an unusually promising composition at this point. Second, 
that the Clinton in two localities is present in its best high-caleium phase, 
and third, that the stone worked elsewhere is the lowest phase of the 
Niagara, departing from the dolomitie ratio in New Paris and impure at 
Eaton. In Lewisburg alone is the Springfield stone found in its char- 
acteristic composition. 

. SANDUSKY COUNTY. 


Sandusky county has almost the same geological structure as Ot- 
tawa county on the north of it, viz: alternating bands of Niagara and 
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Waterlime formations, passing from north to south, with a patch of 
Corniferous in the eastern end. There are three bands or patches of the 
Waterlime, but of less proportionate area than in Ottawa county. The 
Niagara patches are two in number and of larger area. The Corniferous 
area cuts off a generous corner of the county, comprising about thirty 
square miles. Lime industries exist on a large scale in each formation. 

The Niagara area is exploited by quarries at Woodville and Gibson- 
burg in the northwestern corner of the county. The composition is the 
characteristic dolomite shown by that stratum so generally; the sample 
was taken by Dr. Orton in 1887 from H. Ranchamp & Co.’s quarries, and 
the analysis was by Professor Lord. 





> Woodville Limestone. 
Per cents 
SCREEN Dass 0.31 
Alumina and iron... oo 0... ccc cee eee ec eens 0.39 
Carbonate of caleium .......... 00. cece cece eee wees 53.50 
Carbonate of magnesium......... 0.00 cece eee eee eee 45.79 
Total Ze bam, wrest aiteninane ane acdsee aoe are ee wk 99.99 


The Gibsonburg stone was not analyzed, but it is known to be a pure 
dolomite also. It is the basis of a large and most progressive lime industry. 

The Lower Helderberg area is represented by the lime works of 
Noble & Company, and Gottron Bros., at Fremont. Dr. Orton diagnosed 
these beds as being the bottom stratum of the Lower Helderberg, lying 
just above the Springfield beds of the Niagara. The composition gives 
no clue, as it is a dolomite of good grade. The following results are 
available: 


Fremont Limestones. 





Analyst. | Lord. Peppel. 
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Siegener hates. ee 0.74 0.35 1.06 
Alma Here ne f 0.42 
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OxNIlE@ol TON: 2er |; | trace 
Carbonate of caleium ........... 0020008 54.06 55.65 55.65 
Carbonate of magnesium.... 0.6.0.6... 066. 45.20 42.29 40.66 

TOUS {5224s reeset he ee ee ea 100.27 98.72 97.79* 





*This analysis is probably a little low on lime or magnesia or both, but it is inserted to show the 
si'ica and alumina are not materially different from the lower stone, which is being used. 


The Corniferous area is represented by the quarry of the Bellevue 
Stone Company. This quarry is just inside the Sandusky county line, 
though Bellevue isin Erie county. This area is supposed to be Corniferous, 
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in fact close to the edge of the Devonian shales which cap the formation, 
but Mr. Peppel thinks that the quarry inspected and sampled is Lower 
Helderberg in age, or the extreme bottom of the Corniferous. The 
following is quoted from his notes: 

‘‘The quarry sampled at Bellevue is probably a section of the Water- 
lime, pushed up above its normal ‘evel. There is evidence of much 
disturbance in this quarry, the stone dipping in different directions, and 
the entire region is underlain at a depth of eighty or one hundred feet 
with a large cavern or number of caverns of unknown depth and size. 

“A short distance to the southwest, and at about the same elevation, 
there is a quarry of undoubtedly Corniferous age, which is very different 
in physical character from the Bellevue stone, and it is probable that 
the quarry sampled is surrounded by the Corniferous at a short distance 
on all sides. 

“Sample No. 14 is a gray stone with a few courses of flint nodules, 
about four feet and six inches from the top. This stratum was tweuty- 
three feet nine inches in depth. Sample No. 15 is a brown stone, grav 
in body, but with many brown streaks in it, so as to give it a brown tint. 
This stratum is three feet thick. Sample No. 16, twenty-six feet and 
six inches in depth, consists of a white or light gray stone, usually heavy 
in bedding, and carrying some courses of soft stone. The quarry is 
now worked to a depth of thirty-five feet only.’ 

Mr. Peppel’s diagnosis arrived at by independent observation is 
confirmed in a measure by Winchell, Vol. I., p. 604, who found a much 
disturbed area at this point and pictured a section showing his conception 
of the structure. It is not, however, certain that the strata sampled 
belong to the Waterlime, as their composition is not in harmony with 
that usually found in that formation, while it is much closer to the com- 
position shown by the lower layers of the Columbus formation a few 
miles distant, on Marblehead. The results reached by Mr. Peppel in 
his analyses are as follows: 


Bellevue Limestone Analyses. 











Number of samples. 14 15 16 
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Description of samples. 5 ian =: 
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Sihea co... ee ee ee ec ee ee tee tweens 5.24 8.72 6.32 
Alumina oo... 2.0... ccc ccc cee ee ee eee 0.96 1.27 2.31 
Oxide of Iron .. 2.2 ee ee eee trace 0.15 0.05 
Carbonate of calciym ................06. 56.30 56.10 63.15 
Carbonate of magnfsium ................. 37.91 34.59 27.97 
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SCIOTO COUNTY. 


The formations of this county are divided between the sandstones 
and shales of the Logan, Black Hand, and Cuyahoga formations, repre- 
senting the Sub-Carboniferous and the lower portions of the Potts- 
ville formation. The older rocks cover the western half of the county, 
and form the valleys of a large part of the eastern half as well. The 
Pottsville forms the hill tops in the land just east of the Scioto river, 
and descending to the east, forms the whole surface formation in the 
eastern row of townships. 


The limestones are scanty in number of formations and in areal 
development. The Maxville, due at the bottom of the coal measures, is 
represented locally by a flint fireclay of great purity. This formation 
occurs in basins or pockets just as the Maxville limestone is suspected 
of doing. The latter is sparingly represented, if at all, by nuggets or 
bowlders of limestone, occurring imbedded in clayey strata. Across the 
river in Kentucky, the limestone is said to be thickening up and becom- 
ing persistent. 

The Mercer limestones are thin and worthless in most places, but 
at Howard Furnace, on the eastern edge of the county, the Lower Mercer 
undergoes a local thickening which perhaps may be found elsewhere if 
search is made. The stone is here seven feet six inches thick, overlying 
a thin coal seam. The quality is excellent, as shown by the following 
analvsis. 

Lower Mercer Limestone at-Howard Furnace. 





Per cents. 
Silica... cc cee eee cee ee ee ee ee eee enna 1.02 
Alumina....:o oo oo onen 0.62 
Oxide of iron 2.0... 0 oe eens 1.08 
Carbonate of calcium ............. 00.00. ees 94.85 
Carbonate of magnesium............. acne eee e eens 0.91 
Total... 0. ec ee eee eee ene 98.48 


The extent of the stone of this thickness is not known, but is not 
thought to be large. 

The Ferriferous limestone. is found in the hills of the eastern part 
of the county, forming a part of the Hanging Rock field, which extends 
from the Ohio river to McArthur. The amount of the stone in Scioto 
county is relatively small, though considerable in absolute quantity. 

It is quarried and mined at Eifort, in Bloom township, by Morgan 
& Horton, the product being used for flux and cement. The vein at 
their mines has a thickness varying from seven to ten feet, averaging 
eight feet. It is a beautiful, pure-looking, conchoidal gray stone, lying 
directly on the Clarion coal, here of three feet thickness. The section 
of the strata actually worked in this place is as follows: 
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Feet Inches. 

HilltO pitas gee dafiir 25 
Lower Kittanning or No. 5 coal (not open)....... .. 
Light colored fireclay..................0.00 005 
Fine grained, yellow shale, with some iron ore kid- 

neys scattered throughit..................... 25 u 
Iron ore nannte ne Gum ine N 6 
Ferriferous limestone........... 222220 c eee ees 8 ve 
Draw 'slht@i iver eee Aa een 0 _3 
Clarion or No. 4 coal... 2... eee 3-1 0 
Kirerelay seen. east 46 0 


The coal is mined first to a depth of six feet, back from the face of 
the stone. The latter is then drilled and shot down. The roof material 
consisting of shale, it is necessary to leave two feet of limestone for a 
roof, which makes the stone available for mining only five to six feet - 
thick. The outcrop of the limestone is stripped by pick and shovel and 
the full thickness of the stone is thus won (including the coal also) until 
the stripping reaches a depth of eight to ten feet. Above this depth, 
it is not profitable to strip. 

The stone at this point is free from flint, and is fairly well bedded, 
so that it can be split in mining better than at some other points where 
it is. worked. The composition is as follows: samples by the writer, 
analyses by Mr. Peppel. 
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PTE Wnt aia a aceon aha wate teas Beier ene 1.76 0.53 
PON ees ks oe bone Ba oe a eee \ 
: aa ee le Col ce ke ae a al sy 
ONIde-Of WOW an. era aeak esas eeme 2.03 J 1.59 ie sae, 
Carbonate of calcium ........2 2222222... 94.50 95.62 | 93.50 
Carbonate of magnesium,..............6. 0.80 0.81 aan 
| —_ m 
| 98.51 | 
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TOUS an Geib pe Bion tank eine as | 99.09 


The quality of the Ferriferous limestone in this western edge of its 
field is thus seen to be most excellent for cement manufacture or other 
chemical purposes. A somewhat fuller discussion of the economic con- 
ditions affecting its winning will be given in chapter four. 

There are no limestone beds higher stratigraphically than the Fer- 
riferous in Scioto county. 
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SENECA COUNTY. 


Seneca county resembles Ottawa and Sandusky counties in con- 
sisting of strips of Niagara, Lower Helderberg, and Corniferous limestone, 
but the conditions are simpler, in that there is but one patch or area of 
each formation. The Niagara covers the entire western end of the 
county, bounded on the east by a diagonal line, from Adrian to Green 
Springs. The Lower Helderberg occupies a narrow wedge-shaped strip, 
parallel to the line just indicated and about four to five miles wide on 
the north and eight to nine miles wide on the south. The Corniferous 
occupies the eastern end of the county, except for a small area of shales 
covering the southeastern corner. Each formation covers about one- 
third of the surface of the county. 


Quarries have been opened in each formation and in times past a 
considerable industry has been maintained from lime and stone. The 
industry still prevails to some extent. At Fostoria, the quarries are in 
the Niagara, and are favorably situated for cheap working. The stone 
was sampled by Dr. Orton in 1887, and analyzed by Professor N. W. 
Lord. Another analysis was secured by Mr. Peppel, without learning 
the analyst’s name. No new samples were taken, as the formation is 
thoroughly typical. 


Fostoria Limestones. 





Analyst. | Lord, | —— 

Sy 0. ee ee ce eee eee eee e tenes | 0.42 0.37 
Alumina and oxide of 1ron.............0...000ceeeee | 0.28 0.34 
Carbonate of calclum .......: 2. oc 0.0 c ee eee eee ees 56.41 54.46 
Carbonate of magnesium ............... 0.00 c eee eee 41.98 44.35 
Totals ...0cccccceccccccuccccuecseceuetesenee | 99.09 | 99.52 


At. Tiffin, lime has been burned for local use fur a long time. The 
quarries are on the point of contact of the Niagara and Lower Helder- 
berg, so that both formations are used. Both are characteristic dolo- 
mites. 


The Corniferous is worked at Bloomville, on a rather extensive 
scale, the output being chiefly crushed stone. Mr. Peppel’s remarks 
on the Bloomville quarries follow: 


“At Bloomville, the same cap rock mentioned elsewhere shows up, 
overlying the dark-blue Delaware formation. Samples were taken in 
the E. H. France Company’s quarry, about one and one-half miles south- 
east of the depot. The top stratum, three feet six inches thick, was a 
gray stone, with several courses of flint nodules. This constitutes sample 
No. 10. The next sixteen feet are a blue limestone, full of flint nodules, 
and unfit for any chemical purpose. This constitutes sample No. 11. 
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The next six feet are No. 12, consisting of a hard blue stone, in even beds, 
free from flint. The quarry has been worked to a depth of ten or fifteen 
feet below sample 12. The main product of the quarry is crushed stone 
for railroad ballast. Some building stones of large dimensions are taken 
out in the strata represented by sample No. 12. They can furnish stones 
twenty-six inches thick, and of almost any desired length. The strip- 
ping is heavy, averaging thirteen feet of gravel. Every few years the 
railroad runs in a temporary track and with a steam shovel the gravel 
is loaded onto cars; this gravel the railroad uses for ballasting its road- 
bed.” 


The analyses follow: 





Number of samples. 10 11 12 
——-—— = 
Er Sy: | SEs. 
og | Zus | Amps 
Description of samples. Em ae = 1 
SE | aed | oe5, 
a res wags 
fa | 332 | S928 
ST: oo onen nen | 2.96 | 22.76 4.38 
Alumina ...... cc ccc eee cc eee eee en 0.41 1.44 1.90 
Oxide of Iron .......... ccc ee ee ee eee eee 0.15 0.10 trace 
Carbonate of caleium ...............000- 89.55 62.30 74.05 
Carbonate of magnesium ................. 7.46 13.18 20.30 
Totals ....... ccc cc cc ce eee eee eee 100.53 99.78 100.63 


There is some room for doubt as to the identity of the “cap stone”’ 
mentioned above, and the analyses are not sufficient to settle the ques- 
tion, as the upper portions of both the Delaware and Columbus forma- 
tions have shown an almost identical composition at different points, 
viz: 85 to 90 per cent. carbonate of calcium to 7 to 12 per cent. carbonate 
of magnesium. The lithological character of the stone, its color, and 
flint courses all suggest the Delaware formation. In any case, its chem- 
ical character and utility are as represented. There are no other quar- 
ries. operating in this vicinity. 


SHELBY COUNTY, 


Shelby county lies wholly in the area of the Niagara formation. 
Its limestone is strictly typical of the formation, viz: a nearly pure 
dolomite. Of this stone, it has extensive supplies accessible where the 
ravines have cut through the mantle of drift clays. It has been worked 
at a number of points, notably at Sidney, which formerly was a heavy 
shipper of lime to the Cincinnati market. It is now wholly abandoned. 
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Mr. Peppel found no quarry industries of important proportions in the 
county. The composition of the Sidney lime, as found by Wormley 
in 1870, is as follows, the sample being taken from Drugan’s quarries: 


Sidney Limestone. 


Per cent. Per cent. 
Silieious matter...............000 00 eee trace 0.20 
Alumina and oxide of iron............. 1.60 0.50 
Carbonate of ealeium ................. 55.00 54.40 
Carbonate of magnesium............... 42.92 44.58 
Totals........ ccc eee eee wees 99.52 99.68 


It is evident that economic conditions will be the controlling feature 
here in the future development of the white lime industry. Certainly 
the material itself is abundant and of high purity. 


STARK COUNTY. 


Though lying wholly in the coal measures, Stark county does not 
present a very great stratigraphical range. The horizon of number 1 
coal, at Massillon, is not characterized by any development of the Max- 
ville limestone stratum. The Mercer limestones are persistent and 
easily recognized, but thin. The Putnam Hill limestone is also generally 
distributed over the eastern two-thirds of the county. It is quarried 
south of Canton for road material and to supply one small lime kiln, 
and there presents a thickness of four to five feet, of good gray crystalline 
stone. None of the higher limestones are found, not even the Lower 
Freeport. 

The Putnam Hill formation exhibits at Middlebranch, Plain town- 
ship, a local thickening to eight feet, which has attracted a portland 
cement industry. The Diamond Portland Cement Company begun 
making cement there with two double Dietsch kilns, but have recently 
remodeled and put in rotary kilns. They are reported to be making an 
excellent product from this stone. Its composition, from an average 
sample taken by Mr. Peppel, shows as follows: 


Putnam Hill Limestone, Middlebranch. 


Per cent 
STU: 4.12 
Alumina... ... ccc ccc cw ccc ee eect cece eee c cesses 1.86 
Sam ple182; Oxide of iron ....... 0... ccc ec ccc teen nenne 1.20 
Carbonate of calcium ......... 00... ccc cece eee en 91.16 
Carbonate of magnesSiuM............. cece cece ewes 1.63 
A): 9 oo oeee essen nennen en 99.97 


It is not improbable that other points equally favorable could be 
located in this vicinity. The stone has been won so far by stripping around 
the crop line; as it lies not far from the top of rounded gently-sloping 
hills, the benches from crop to point where the stripping becomes too 
heavy is wide enough to make the stone fairly cheap by this method. 
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It would be difficult to support a large industry by this plan, and mining 
would be preferable for regularity of output in all kinds of weather. 
Conditions, however, in the vicinity of Middlebranch suggest that min- 
ing would be impossible. 


TUSCARAWAS COUNTY. 


Tuscarawas county lies well within the borders of the coal measures, 
and its strata range from a little below the Lower Mercer limestone in 
the northwestern corner, to well above the Freeport in the southeast. 
A number of thin limestones occur in the otherwise barren strata above 
the Freeport coals, in the townships of Washington, Perry and Rush, 
but none of them have enough continuity or thickness to have value. 

In no place in the county do any of the various coal measure lime- 
stones assume any importance. They are present with great regularity, 
and characteristic color and appearance, but thin and economically 
worthless. The only point where a thickness 1s reached which seemed 
to justify sampling was at New Philadelphia, where the shale under the 
Lower Kittanning coal assumes locally a calcareous and silicious phase. 
This was sampled in two portions, top and bottom, the total cut being 
about twelve feet. The results by Mr. Peppel are as follows: 


Impure Limestone from New Philadelphia. 


Top. Bottom 
Silica... cee ee tet eee eens 51.40 53.84 
Alumina... .. 2... cc ccc ccc eee eee 3.66 6.70 
Oxide of iron ........ 0.0... cee eee eee 2.00 2.40 
Carbonate of caleium .:............... 42.20 35.10 
Carbonate of magnesium............... 0.53 0.53 
Totals... .. ccc cece ee 99.79 98.57 


The proportion of lime in this rock is too low, in itself, to be of 
value for any purpose. It might be a very convenient and technically 
admirable way of adding silica to a high-calcium stone, for portland 
cement manufacture. The use of clay for this purpose is often trouble- 
some, but the use of a calcareous rock, high in silica in the amorphous 
condition, and practically free from magnesia and low in alumina, would 
be chemically very desirable. Whether it would pay to transport it 
from its point of occurrence to a distance for this purpose is an economic 
question which cannot be settled here. 


VAN WERT COUNTY. 


The strata of this level prairie county are divided between the 
Niagara, occupying a triangular quarter in the southwest, and the re- 
maining three-quarters, consisting of Lower Helderberg. The lime in- 
dustries are of no great importance. But one place was found where 
large quarries were operating, i. e., at Middle Point, where the Lower 
Helderberg is open to a depth of twenty-two feet. Mr. Peppel describes 
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this stone as being fairly hard, rather thin in bedding, with numerous 
blue and brown streaks in it. The stripping is six feet in thickness. 
One of the largest operators there is The E. H. France Company, from 
whose quarrv one sample from top to bottom was taken as No. 29. 

The analysis is as follows: 





Per cent. 
N) ER 1.12 
Alumina... ccc ccc ccc cc cc cc cece eee eee eee eeeses 0.52 
Oxide of iron .. 2... cece ccc ce eee eee teens trace 
Carbonate of caleium ........ 0... ce cece ee ce eee ees 54.55 
Carbonate of magnesium . ..... cece cece eee e eee une 43.56 
6 0): 1 Oa 99.75 


Undoubtedly stone of this quality can be had at many favorable 
exposures over the country. 


WARREN COUNTY. 


The strata of Warren county are substantially confined to the Hud- 


son River group. 


One or two small islands, in which the Niagara forms 


the surface, are found in the north and northeast, but even here the 
Niagara is merely the cap rock of the hill, and the valleys and slopes 
are allin Hudson River rocks. These strata were not sampled carefully 
in the earlier work, because it was thought their minerals were useless 
for industrial purpose. Only one analysis, by Wormley, in 1869, could 


be found. 


The Hudson River formation was sampled by Mr. Peppel with some 
care, at one point in this county. Of the samples, he says: 

“Samples were taken from a ravine, north of the depot and west of 
the Pennsylvania railroad at South Lebanon. The bottom of sample 
No. 102 was about thirty feet above the level of the river. Considerable 
drift covers the stone at this point.” 


SS wi 


Number of sample. 103 102 
CG oe 
od Lees 
+ gs a5 ee 
Description. E83 = : 
cS Fa . 
g: = g 
ge | 2? | 
Silica... 0. cect wee eee e enone 23.30 29.00 25.83 
Alumina... .... ccc cee ccc ee cece teens 9.11 9.57 9.31 
Oxide of iron ..... 2.0... cc cc ce cc cw cee eee 2.05 3.15 2.54 
Carbonate of calcium .................... 60.08 52.63 56.77 
Carbonate of magnesium.................. 3.28 3.52 3.39 
Totals... .. ccc ccc cc cc ce ee ene 97.82 97.87 97.84 
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Here we have a stone in which so much clay matter has been in- 
cluded that no use could be made of the mixture. What could be done 
in the way of excluding the shale, and winning clean limestone, was not 
recorded in making the sample. 


There is great probability that strata could be obtained, with com- 
paratively little handling of waste material, which would run ten or 
fifteen per cent. higher in lime than these cross section samples have 
done, and that the magnesia would not be greatly affected by this selec- 
tion process. The use of the material for portland cement would require 
either the use of a selected material, or the importation of some high- 
calcium stone from the nearest Clinton outcrops, for mixture. 


The stone offers no prospect of use in any other connection. 


WASHINGTON COUNTY. 


This district lies in one of the most elevated portions of the state, 
“ stratigraphically considered. On its western edge, the Meigs Creek coal 
and its limestones are found, while the valleys go down into the complex 
limestone groups which lie between the Pittsburg and Meigs Creek coals. 
On the north, the hills contain the Meigs Creek group chiefly, while in 
the southern edge of the county, along the river, the lime strata run 
under drainage and are not seen. 


Little or no attention has been paid to these limestones in this area 
heretofore, the single analysis from the district having been made by 
Professor Wormley, in 1869.* The sample was selected in Whipples run, 
a branch of Duck creek, in Salem township. The thickness was repre- 
sented as being six feet three inches, but nothing was said as to whether 
the full section was taken in the sample. In fact, it is not likely that it 
was. The analysis is as follows: 





Per cent : 
Silicious matter... . 0.0.0.0... cece ccc cee cece nennen 19.10 
Alumina and oxide of iron ..... 2222 0.0 cece ce eee eee 8.56 
Carbonate of caleium ........ 00. ccc eee eee eee 47.70 
Carbonate of magneSium............. 20. c eee cece wees 19.40 
Combined water... 2.0.2... ccc we cee cece cece een en en 2.50 
6 00) 1:1 ER 97.26 


Dr. Andrews’ report suggests the use of this material for hydraulic 
cement or lime, which still remains the only purpose to which it could 
be applied. 


Mr. Peppel investigated the lime resources with considerable care, 
selecting samples in six localities well distributed over the county, geo- 
graphically. Beginning on the west, he reports as follows: 





*Rept. Prog. 1870, p. 450. 
9-8. G.—Bull. 4 
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“Sample 138 was taken from the farm of E. F. Glazier, of Marietta, 
on the northwest quarter of section 1, Wesley township. The section 
here shown embraced: 


; Feet. Inches. 
Sandstone ........ 0... cee ec eee ct ence eee ee os .. 
Shale.....20 cc eee eect eee eee S-9 0 
| Limestone ... 0.0... cc ee cece cece ee te tet 1 0 
Shale... eee ee te eee cence teen eee 0 6 
Limestone ... 2.0... cc ee ce ccc cece eee eee 0 6 
Sample jShale.......... 0... cece cece cece cece eee eees N) 9 
138 Limestone 0.0.0... ccc ccc cc cee ce tee teen ees 1 0 
Oft. Gin. [Shale cece eee eens 0 6 
Limestone 20.0... ccc cc ccc tc eee cee ete eeee 1 0 
Shaler... ccc ccc ec ee cc nee cere ete teen 0 3 
Limestone .... 0... ccc ccc cc ec cece cece nn nen 4 0 
Red shale ......20 ccc eee cc cece eee e ees of .. 


“This section is thought to lie about twenty-five or thirty feet below 
the Meigs Creck coal, but as no coal was scen, its identification is by no 
means sure. 

“Sample 139 came from the farm of Lillian Reardon, located on 
Brins run, fraetion 5, near section 11, Wesley township. The strata 
shown were: 


Feet, Inches. 

Sandstone ...... ccc ccc eee eee teenie as 
Shale, light .... 0... ce cc cece cee eee e ee oe .. 
Limestone .... 0... c eee eee eee eee e eens 4 0 
PS) 0519 ( 2 N) 
Sample |Limestone ........ 0... ccc ccc eee cece eee eee 0 6 
139 Shale, with nodular limestone ........ 22222200. 2 N) 
15ft.6in. [Lime.... 0... ce eee eee eee e eee teee 2 0 
Shale, with nodular limestone. ................. 2 () 
[Shake eae wee eee eee ee eee eee tenet ee eeees 2 0 
Shale, with nodular limestone .................. 1 0 

Shale... ccc ccc cece cece ee ecw eee cence nee os 


“Nothing was found to positively identify this stone, but it is prob- 
ably a little above sample 138, stratigraphically, and under the Meigs 
Creek coal. 

“Sample 140 was taken on James Wagner's farm, near the point 
where the Chester Hill road crosses Coal run, in the northern end of 
Wesley township. There appeared to be twenty to thirty feet of lime- 
stone and shale interstratified here, but it could not all be reached in”a 
satisfactory manner for sampling. \ 

“The portion cut was as follows: 


T'ect Inches. 
Shale, to sandstone above...........ce cece cece oe oe 
Sample (Limestone .......... 00. cece cee cece eee ences 1 6 
140 {shat and nodular limestone ................00. 2 0 
11 feet (Limestone, hard and solid ..................05. 7 6 
Shale, nodular limestone and limestone interstrati- 


1:23 ccc ccc cece cece reece tert ee reverses oe 


“This sample also is believed to lie shortly below the horizon of the 
Meigs Creek coal.” 
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The analyses of these three samples, which were taken in a line a 
few miles apart, and which are likely to be of the same horizons, are as 
follows: 

Wesley Township Limestones, Below the Meigs Creek Coal. 


Number of samples. 138 139 140 

. 4% =“; ah 

ag | #3 = 

PN " ~ oo u od 

Description. aoa os . 3° 
08 | #22 | <3 
o ao so) & ie vun 
SS) te: 2222 eeseneneneneeenenen nenn 18.46 25.28 14.32 
Alumina... .... ccc ce ccc cece eee eee cee tees 6.33 8.47 4.82 
Oxide of iron ....... cece cc ee ew cece nenn 2.47 1.87 1.66 
Carbonate of calecium ..........0...ccc eee 63.10 58.17 73.67 
Carbonate of magnesium.................. 8.82 3.70 5.20 
Totals... .. cc cc ccc ccc eects 99.18 97.49 99.67 


None of the foregoing offer any particular hope of ultimate utility 
for portland cement, but Nos. 138 and 140 could undoubtedly be employed 
in the manufacture of hydraulic limes or roman cements, if markets 
could be found for the products. The composition for these purposes 
seems well suited. 

“Sample 147 was obtained on the north branch of the west fork of 
Wolf creek, one mile west of Waterford. Twenty to thirty acres would 
be available here, with a stripping of less than ten feet. Two or three 
feet of the top of this stone is not included in this sample. Ten feet and 
six inches of solid limestone was sampled, and six inches of calcareous 
shale at the base of the limestone. This brought the cutting to low 
water level in the creek.”’ 

Another sample was secured in Adams township, from the Nicholas 
Basil place, on the west branch of Cats run, three miles northwest of 
Lowell. The strata here present the following cross-section: 


Feet. Inches. 
Coal 2... ccc ccc cece eee nennen ernennen 
Sandstone ...... 02. c cee cee cere eee eee eees 40-50 0 
Limestone .... 0... ccc ce cece cee cence ten neee 5 0 
tS) 00) (rc 6 0 
Sample 144 Limestone (buff) .......... ccc eee e eect eee eens 2 6 
Sample fShale........... cece cece cee ce cee n een eee enee 1-6 0 
145 Limestone 2.0... 0. cee ec ec cee e cece neces ees 6 6 
Coal, Meigs Creek........ 0... cece cece cece eeee 3 0 


“Another sample was cut at a point two and one-half miles north 
of the south line of Lawrence township, on the J. D. Lehmer farm, one- 
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half mile south of Cow Run P. O. The limestone is just dipping under 
drainage level at this point, the sample being taken in the bed of Cow 
Run. It consisted of seven feet of dark blue solid limestone; its strati- 
graphical location is uncertain.” 


The analyses of these samples follow: 


——-. -.. - rr m (U u 


Number of sample. 147 145 146 144 
_ | 

fo. | £re dz = 

- 6% 27 = 3 
“ti | 22h | cz | TE. 
Description. Eee | cas a Sas g<e 
Zus = &: | sett sé = 
2.223 ey, 0 en. Se 
255 0333| 83% 25% 

= 4 Rs: o 

Silica... ....... 0c cece eee eee 11.60 14.84 16.80 12.60 
Alumina ........... ccc eee eee 3.17 3.93 4.76 4.89 
Oxide of iron...............-6- 1.25 1.65 3.00 2.44 
Carbonate of caletum........... 73.60 65.09 44.08 67.35 
Carbonate of magnesium........ 10.00 14.54 28.44 10.41 
Totals .....2222 0... eee 99.62 | 100.05 97.08 97.69 


These samples, selected at well chosen intervals, geographically and 
stratigraphically, and including the great belt of limestones both above 
and below the Meigs Creck coal, settle with considerable authority the 
question of the character of these stones. There is no strong hope of 
finding any portland cement material in Washington county, and the 
material present seems likely to find limited use in any chemical field. 
In construction work these stones, by virtue of some special color or 
hardness or fine bedding, may become valuable locally, but otherwise 
they are not likely to be used. 


WOOD COUNTY. 


The area of Wood county covered by the Corniferous formation is 
about one and one-half townships on the western edge, viz: Weston sand 
part of Milton. The rest of the county is divided between the Niagara 
and Waterlime formations, with the latter predominating. 

The lime industry is well developed here. In 1888, the burning 
was done with natural gas. Now the gas has become too expensive, 
and coal is the principal dependence. The upper portion of the Niagara 
is used almost exclusively. The stone presents a very superior phase 
here as shown by the following analyses, taken from the report of Dr. 
Orton (1888): 
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Niagara Limestone from Wood County. 











Rising Luckey 


| Fern 
Locality. G sow reens ine | Rising Sun Station. 
re Sy IE ef 
Description of sample. | * | z Fs | a x 
= aEs | 3: 
E | Ede | Es 
| @¢ |e | 8 
DIICA ec ica hes Hele eh ee ee eae eee 1.53 0.57 0.43 
Alumina and oxide of iron............... 0.40 0.63 0.35 
Carbonate of calcium ................... 53.98 53.21 54.20 
Carbonate of magnesium................. 43.25 45 37 44.44 
MOU RIS (sect ace erg ot rare 99.16 99.78 99.42 


The lime produced from these stones is marketed on a large scale. 
The resources of the county in this material are inexhaustible. 

The Corniferous formation is not worked to any extent. Search 
for samples by Mr. Peppel was rewarded at Weston. He says: 

“The samples marked Weston came from about two miles west of 
that village. No. 25 was taken from the J. H. Kline farm, where about six 
feet of stripping is encountered. The stone is thin-bedded and shelly. 
No. 34 came from the Pew quarry, which probably joins on closely 
below No. 25. This stone is blue and even bedded, resembling the 
Delaware stone. Several flint. layers come in about ten feet below the 
top of No. 25.” The analyses follow: 


Corniferous Limestones from Weston. 








Number of rample. 25 24 
wad > 2 
SES Es 
Sun go 
"an Be 
Description of sample. a5 >> 
Com e-= 
E73 -§ 
2 nn 
cn nr 
“ye - 
Silica. See Rar Meal et ceases ee tee aes a ae oe ee oe oe ee 3.16 3.76 
ANIMA Le dn ara VD en 0.68 0.62 
CONIAO@*OP POM: ces ee ee en trace trace 
Carbonate of caleium .............0.000 0c cc ce ee eee 83.25 56.15 
Carbonate of magnesium ....................00008- 12.98 40.22 
CORA res Ses id ccae ats SD Dee wie ie ek ad 100.07 100.75 


The similarity of these stones, in composition and appearance to the 
stone of the Delaware formation at Delaware is suggested, but no absolute 
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decision was reached as to the identity of the strata. The industry 
built up upon the Corniferous lime in this vicinity is not large, so far. 


COUNTIES HAVING UNUSED LIMESTONE ASSETS. 


The counties in which the lime resources have been described at 
more or less length are those in which the present survey or former 
surveys have found lime industries exploited. These number fifty-five. 
Beside these, there are eight others in which lime formations occur of 
sufficient size and importance and of supposedly sufficient quality, to 
enable them to enter the market as producers on substantially equal 
terms with those described. These counties are as follows: 


Auglaize County.—The Niagara and Lower IIelderberg limestones 
are the surface formations in this county, in about equal proportions. 
The topography is flat, and the district is on a watershed, so that very 
few natural ravines or cuttings are found through the mantle of drift 
which covers everything. Undoubtedly, the limestones are closer to | 
the surface at some points than at others, and undoubtedly they are 
exposed in some points to quarrying operations. But the general 
situation is one which does not offer any natural inducements to enter 
the stone or lime industry. 


Henry County.—Henry county is traversed by a broad band of 
Corniferous limestone from southwest to northeast. This band is about 
six or eight miles wide and covers more than one-third of the county. 
The southeast corner of the county is covered with the Lower Helder- 
berg formation and the northwest with the Ohio shale. The character 
of the Corniferous can be Judged from the analyses of the Defiance stone 
on the west border, and the Weston stone on the east border. 


The Corniferous is at present under a disadvantage in the markets 
against the white dolomite limes of Wood and Ottawa counties, but its 
higher per cent. of lime gives it a great chemical activity, and in the opinion 
of the writer, when limes of this class are given the most modern treat- 
‘ment their superior value will become generally recognized. The rep- 
utation already reached by the limes of Sandusky, Marblehead and 
Iselley’s Island are a case in point. 

The character of the Lower Helderberg is not known in this area, 
but there is little risk in predicting it to be a dolomite of high purity. 

Madison County.—The Lower Helderberg or Waterlime covers 
almost the entire area of this county. It is not worked anywhere to 
any important degree. Though its topography is generally flat, there 
are nuincrous places where its drift is cut through and the stone exposed 
to attack. The reason for its tardy development can probably be found 
in the large lime and stone producing centers on either side of it, at Spring- 
field and Columbus. The starting of a new industry under this com- 
petition would be difficult, but the mineral ‚resources are there, and 
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can be utilized when the time comes. Nothing but pure dolomitic lime 
need be expected. 


Paulding County.— Paulding county is divided almost exactly into 
two equal parts by an east and west line, the northern part being covered 
with Corniferous and the southern with Lower Helderberg. The Cornif- 
erous has been analyzed near Defiance, some three or four miles from 
the Paulding county line, which gives a key as to what to expect of the 
formation in this neighborhood. No analyses of the Waterlime are 
available. Numerous exposures of both formations exist, but no in- 
dustries of importance as yet. 


Pickaway County.—An area of about one hundred square miles of 
Corniferous limestone lies in the northwestern corner of this county. 
The balance is in the Ohio shale formation. The limestone has been 
analyzed at Morgan’s. station, only a couple of miles from the Pickaway 
county line, and there is every reason to expect the formation to retain 
the character it shows at Columbus and Morgan’s, down to its southern 
terminus. It is exposed at points along the course of the Big Darby. 


Putnam County.—The county, save for a few square miles in the 
northwest corner, lies wholly in the Lower Helderberg formation. Its 
topography is flat, no deep river channels are cut, and the lime is not 
often exposed to easy attack. No industries of importance based on 
it are known to exist. 

Union County.—-The Lower Helderberg formation covers all but a 
small area of thirty square miles in the southeast corner, which is cov- 
ered with the Corniferous. There are no analyses available, but the 
character of both formations at nearby points in Franklin, Delaware, 
Marion, and Logan counties warrants the inference that the Corniferous 
will furnish a stone ranging from ninety to seventy per cent. of calcium 
carbonate, according to the stratum chosen, while the Helderberg will 
yield a high grade dolomite. The topography of the county is smooth. 


Wyandot County. -This county is rich in lime resources, having its 
area divided substantially into one-quarter of Niagara limestone on the 
west, one-half in the center, of Lower Helderberg, and one-quarter on 
the east, of Corniferous limestone. Only the Niagara has been worked 
to any extent. A quarry at Carey produced in 1888 one of the whitest 
and purest limes on the market. No other openings are known. The 
resources are undoubtedly of the best. 


% 


COUNTIES HAVING FOOR LIMESTONE RESOURCES. 


In this group may be placed five counties, all in the coal measure 
area of the state, viz: Carroll, Coshocton, Harrison, Meigs and Vinton. 
These counties all have the coal measure limestones present—some in 
occasionally fair developments, but none which favor the establishment 
of a lime industry. They could produce their own lime, if other supplies 
were shut off, but while good lime can be cheaply bought they will not. 


Carroll County.—Carroll county possesses the limestones from the 
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Ferriferous up to the Ames horizon, or possibly the stone below the 
Pittsburg Coal. No large exposures are known. 

Coshocton County.--This county possesses the formations from the 
Lower Mercer to the Freeport limestones. There are many places where 
the Putnam Hill formation is four feet or possibly five feet thick, and of 
good gray crystalline stone. The Mercers are thin and generally flinty. 
The Freeport stone is nowhere thick, so far as is known. 

Harrison County.—This county lies on the edge of the Pittsburg 
and Meigs Creek limestone formations, and undoubtedly shares in the 
development of those beds which has been described in Jefferson and 
Belmont counties. As nothing of great economic promise was discov- 
ered in those districts, it seems unlikely here also. No tests were made 
of the formations lower than the Pittsburg; there are a few of calcareous 
nature. The Lower Freeport is above drainage in the northwest cor- 
ner. So far as known, it is not of workable thickness. 

Meigs County.— Although it possessesthe Pittsburg coal inabundance, 
it is not known to have any favorable showing of the limestones which are 
found so abundantly above it, in Athens county. The strata range 
between the Kittanning coals to above the Pittsburg coal. 

Vinton County.—The northern part of this county contains only 
the Mercer horizons, but of poor thickness and quality. The southern 
portion contains the Ferriferous limestones of high purity, but unfor- 
tunately in small, irregular areas and of inferior thickness. Four or five 
feet is common here, while six or eight or ten are found in Jackson county, 
just south. This stone may be capable of furnishing the material for a 
successful portland cement industry in Clinton, Elk, Madison,and Knox 
townships. It certainly could in Vinton and Wilkesville townships, 
where the stone is eight feet thick. In fact, a large plant has been laid 
out at Oreton in Vinton township. The stone here has a composition 
as good as the formation furnishes anywhere. 


COUNTIES DEVOID OR PRACTICALLY DEVOID OF LIMESTONE 
RESOURCES. 


In this list are included those counties in which the limestone for- 
mations do not come to the surface. By coming to the surface is meant 
forming the nearest solid rock in situ, beneath the drift coating which 
covers two-thirds of the state. Where resort would have to be 
made to mining to, to obtain the limestone, it is considered that 
there is no resource in limestone available. Likewise, in coal measure 
counties, where limestone horizons are due, but not known to be present, 
that county is included in this list. Some outerops not known to the 
writer certainly exist in these counties, but for all practical purposes 
they are not to be considered as possible competitors in the limestone 
industries. In this list the following counties are placed: 

Ashland, Fulton, Lake, Pike, Summit, 
Ashtabula, (Geauga, Lorain, Portage. Trumbull, 


Cuyahoga, Huron, Medina, Richland, Wayne, 
Fairfield, Knox, Morrow, Ross, Williams. 


CHAPTER IV. 


‚ 


THE COMPOSITION, PHYSICAL CHARACTER AND USES OF 
THE LIMESTONES OF OHIO, CONSIDERED BY 
GEOLOGICAL FORMATIONS. 


BY EDWARD ORTON, JR., AND SAMUEL VERNON PEPPEL. 


The formations to be considered comprise the Hudson River group, 
the Clinton, the Niagara group, the Lower Helderberg or Waterlime, 
the Upper Helderberg or Corniferous, the Maxville, the Lower and Upper 
Freeport, the Cambridge, the Ames or Crinoidal, the Pittsburg group and 
the Meigs Creek group. 

It should be again stated at this point, that the principal object 
sought in the preparation of this bulletin was to marshal all available 
information on Ohio’s limestone resources with reference to the portland 
cement industry. The impossibility of doing this without also studying 
the lime resources in general, and with references to other lines of use is at 
once apparent. The excellent report of Dr. Orton, in 1888, presented 
a great volume of information about the limestones of Ohio and their 
utilization, and this has heen used largely in the present report, with such 
additions as nearly twenty years of growth and change have rendered 
necessary. It has not, however, been deemed proper to reproduce Dr. 
Orton’s article in full, and attention has been chiefly devoted to con- 
sidering at most length the phases to which he paid least attention. 

Reference to the map, Chapter I, page 30, will be constantly 
necessary in this chapter, as well as in the preceding. 


THE LOWER SILURIAN OR HUDSON RIVER GROUP. 


The Lower Silurian limestones form a distinct type by themselves 
stratigraphically, lithologically, and chemically. No effort has been 
made here to distinguish between “the various stratigraphical elements 
now recognized in this group, except in the case of the Trenton limestone 
which is most clearly differentiated, at least in the popular mind. In 
the case of the Utica shale, the Lorraine, the Richmond, the Saluda, 
and the Medina formations, no separation of samples was attempted. 
Samples were taken at various points, wherever thick limestone beds, 
advantageously exposed by ravines or quarries, were found, and where 
commercial winning of the stone would be likely to prove feasible. They 
probably represent calcareous hands from all, or almost all, of the various 
subdivisions above listed. 
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THE TRENTON. 


As already stated, the Trenton limestone appears above the surface 
in but one place in Ohio, viz: at Point Pleasant, Clermont county, where 
it presents a few feet of not valuable stone for a short distance above 
low water. The composition, as determined years ago by Dr. Wormley, 
is given in Chapter IIJ, under Clermont county. 


Besides this analysis, dozens of analyses have been made of this 
formation, in Ohio, Indiana, and elsewhere, in connection with borings 
for natural gas and oil, but these have purposely been excluded from 
this report. The object here has been to discuss only those formations 
that are likely to have economic value under such industrial conditions 
as now exist, or as we may reasonably expect them to exist in the near 
future. 


It is not reasonable to expect that limestones buried at depths of 
many feet, often many hundreds of feet under ground, will be exploited 
for lime, cement, chemical uses, or building material, when in whole 
counties near by, other limestones are the superficial formation and 
easily accessible to quarrying, drift mining or other cheap methods of 
excavation. Consequently, only the superficial deposits are considered, 
and as the Trenton is nowhere a superficial deposit, its character has 
not been here considered. The same holds true of the Clinton, and 
other formations at various points, where disclosed by the drill. . 


FORMATIONS ABOVE THE TRENTON 


These formations are composed of comparatively thin beds of lime- 
stones, interstratified with calcareous shales. The shale occasionally 
develops into comparatively thick strata of fifty or more feet, free from 
hard limestone streaks, though it retains its calcareous character to an 
extent which everywhere disqualifies it for clay working purposes. The 
limestones on the other hand never thicken up into a large body free 
from shaly inclusions. The shale partings vary from an inch or so up 
to many feet, while the limestone courses vary from a few inches up to 
fourteen inches. The shales are always silicious, aside from their cal- 
careous character, and are fine grained for the most part, which makes 
them of possible value as an element in portland cement manufacture. 
There seems some evidence, however, that the shales are often higher 
in magnesium carbonate than the limestones which accompany them. 





Areal Development.—The formation is the exclusive or practically 
exclusive superficial rock in situ in Hamilton, Clermont, Brown, Butler 
and Warren counties, and covers large areas of Preble, Montgomery, 
Greene, Clinton and Highland counties, and small unimportant areas 
in Miami, Clark, and Adams counties. (Consult map). 
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Physical Character—The limestone of this formation consists of a 
hard, coarsely-crystalline rock, with color ranging from a rich purplish 
black toa gray. Its fracture is rough and uneven, yet it can be worked 
as a building stone, and on account of its rich color and crystalline sur- 
face some very pretty effects are produced. It weathers to a somewhat 
lighter color. 


The nature of the deposit is different from anything in the state. 
It is always interstratified with a fine grained shale, layer for layer. 
Two beds of limestone seldom, if ever, come together, but are always 
divided by a strip of shale varying anywhere from an inch to four feet 
in thickness. The courses of limestone vary in thickness from one inch 
to twelve or fourteen inches, seldom reaching a greater thickness, and 
mostly running from six to nine inches for the workable stone. 


The layers are extremely tight bedded—i. e., there are almost no 
horizontal crevices such as appear in most other limestones. This lack 
of crevices or joints makes quarrying much more difficult. 


It is an expensive stone to quarry for three reasons: First: It is 
almost impossible to quarry by wedging into desired dimensions, since 
there are no fissures to force apart and thus form a working face. Sccond: 
On account of the intercalated shale, the explosives used are not nearly 
so effective as they would be on solid rock. The product is also very 
irregular and ragged, and in consequence of this, there is great waste 
in dressing the stones into shape for construction work. Third: A large 
amount of shale must be handled in winning the stone. These reasons 
make it clear that it will never develop much importance as a building 
stone. 2 


In its favor may be said the following: Furst: It occurs in com- 
paratively even beds, making it possible to easily select range-stone, or 
stone of the same thickness. Second: It could be quarried in very large 
slabs if sufficient labor and care were spent in getting it out. Third! 
It often occurs in such a way that faces are exposed frequently to a great 
height, from twenty to one hundred and twenty feet, usually with run- 
ning water below, so that the waste shale and stripping will wash away 
at least once a year if itis merely tumbled down. The stripping is usually 
light. 





Chemical Character.—The stone by itself is among the purest vari- 
eties of carbonate of calcium found in the state. It is, therefore, low in 
carbönate of magnesium, more so than any other stone in the western 
series. This is shown well in analyses 54, 83, 84 and 85, which are prob- 
ably typical of the limestone independent of the shale which is always 
interstratified with it. The color of the stone is due to iron, manganese, 
and organic matter. The table of analyses follows: 
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TaBLE I.—Analyses of the Limestones 


—— ae i i nar rr re u 


Thickness snd relative position of stratum 


l.ocation of quarry. represented by this sample. 


Serial number 
of samples 


















































83 | Adams Co., Manchester ...... From top layer down 21 feet............... 
84 “ “ nen Next 12 feet below sample 83.............. 
85 “ “ ren From water level, up 20 feet............... 
86 | Brown Co., Georgetown ..... From top layer, down 16 feet, 6 inches...... 
87 “ “ ren Next 23 feet below sample 86.............. 
88 “ “ ern Next 50 feet below sample 87 .............. 
89 “ “ Men Next 26 feet below sample 88... ............ 
90 “ “ aan Next 30 feet below sample 89 .............. 
66 | Butler Co., Excello .......... From top layer. down 10 feet. 6 inches....... 
65 “ “ en Next 10 feet 6 inches below sample 66 ...... 
58 “ “ Hamilton ....... From top layer, down 11 feet .............. 
59 “ “ en Next 15 feet below sample 58 .............. 
57 “ “ nn Next 15 feet below sample 59 .............. 
56 “ “ ren Next. 8 feet 6 inches below sample 57....... 
55 “ “ en Next 11 feet below sample 56............... 
91 Clermont Co., Bethel ern From top layer, down 18 feet .............. 
78 “ New Richmond ..| From top layer, down 20 feet .........22.... 
7 “ “ “ ..| Next 15 feet below sample 78 .............. 
76 | Hamilton Co., Cincinnati.....| From top layer, down 8 feet ............... 
72 “e “ fe aaa. Next 18 feet. below sample 76.............. 
73 “ “ en Next 17 feet below sample 72 .............. 
7 “ ‘é Men. | Next sample below sample 73........2...... 
5 “ “ Mn Next 13 feet below sample 74... ....2....... 
"7 “ “ en | From 85 to 107 feet from top of quarry . 
92 “6 ‘6 ren. Next 22 feet below sample 77 .......2.2.2.22.. 
93 “ “ nn | Next 19 feet below sample 92............... 
71 6 “ Glendale....... rom top layer, down 25 feet ... 2.222.222... 
7 6 “ en Next 40 feet below sample 71 .........2220. 
69 “ “ en Omitting 3 feet, next 20 ft. below sample 70. 
68 “ “ nn Next 11 feet below sample 69.22... 222222.. 
67 | “ “ nn : Next 13 feet below sample 68 ...2..22 2222020. 
5 Pre ble C 0. ‚Camden.......... From top layer, down 10 feet ...2.22.222222.. 
53 | nenn Next 20 feet below sample 54..2222222220.. 
52 | “es een Next 20 feet below sample 53 22222222222... 
51 nenn Next 12 feet 6 inches below sample 52.2.2... 
50 SS cece eee Next 12 feet 6 inches below sample 5 nn 
103 "Warren arren Co., S. Bebanon...... From top layer, down 50 feet ....2... 22220. 
10? e868 te eee. | Next 40 feet below sample 103 ............. 





Analvsis of Rocks of this Formation 


| Clermont Co ...........6005. | New Richmond. Wormley, 1869. 
Hamilton Co... .. 0... eee eee | Cineinn: ati. Locke, 1838 ........2222222200% 
“ 6 Leen eens | Wormley, 1872, “River quarries. ’’ 
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of the Lower Silurian or Hudsoa River Formeticn. (Peppel.) 
| I 
Constituents, & 
. TE a Total. Remarks, oe 
d : 122 |3:; re 
2 = a S215 A zo 
| 

9.30 3.04 1.30 | 82.50 | 1.93 | 98.07 | A gap between samples 83 
10.10 3.14 1.30 | 83.50 | 1.51 | 99.55 84 and 85 was not sam- 84 

7.86 2.95 0.75 | 85.60 | 2.48 | 99.64 pled. 85 
13.20 | 446 | 1.30 | 78.05 | 2.36 | 99.37 | Total section sampled | 86 
32.80 9.12 2.30 | 49.65 4.12 | 97.99 was 145 feet 6 inches 87 
32.34 8.69 2.45 | 50.00 4.15 | 97.63 88 
31.60 | 10.97 2.85 | 47.25 5.00 | 97.67 S9 
45.36 | 15.24 3.90 | 26.25 5.06 | 95.81 90 
28.94 | 10.00 2.90 | 52.95 2.65 | 97.44 | 10 feet from bottom of 66 
31.80 | 10.95 3.25 | 48.40 3.25 | 97.65 65 to drainage. 65 
36.00 | 12.36 3.70 | 41.60 3.57 | 97.23 58 
29.96 9.55 3.05 | 49.80 3.06 | 95.42 59 
33.86 | 11.56 3.50 | 44.00 3.72 | 96.64 57 
26.10 8.44 2.30 | 56.80 3. 97.22 56 
34.80 | 11.62 2.80 | 42.50 4.72 | 96.44 55 
18.74 6.80 1.90 | 68.5 3.06 | 99.00 Near top of H. Rt. For- 91 
38.80 | 14.64 4.10 | 35.00 3.07 | 95.61 mation. 78 
22.70 9.00 2.00 | 60.40 3.13 | 97.23 79 
33.50 | 12.00 3.70 | 43.35 2.65 | 95.20 | A gap of 12 feet was not 76 
20.66 7.7: 2.10 | 63.70 3.58 | 97.78 sampled between Nos. 72 
30.28 | 10.30 2.40 | 49.60 4.46 | 97.04 75 and 77. 73 
33.08 | 10.78 2.80 46.60 4.19 | 97.45 74 
30.00 9.80 2.30 | 51.45 3.72 | 97.30 | Section represented in 15 
36.84 | 11.14 3.30 | 40.90 4.15 | 96.33 full is 148 feet thick. 77 
38.00 | 13.80 2.80 | 38.72 3.30 | 96.62 2 
25.04 9.38 2.80 | 58.08 3.02 | 98.32 93 
24.26 | 7.99 | 2.65 | 60.40 | 2.80 | 98.10 | A gap of 3 feet 65-68 feet 71 
29.80 | 10.05 2.55 | 50.95 4.40 | 97.75 below top of quarry 7 
38.30 | 13.35 3.65 | 35.90 4.84 | 96.04 was not sampled. 69 
31.30 | 11.47 3.25 | 45.00 6.10 | 97.12 i 68 
52.38 | 18.64 4.60 | 13.20 5.36 | 94.18 67 
9.70 4.31 0.85 | S0.40 3.09 | 98.35 | Totalrock face-sampled, 54 
15.28 6.05 1.25 | 70.35 5.34 | 98.27 75 feet. 53 
13.16 9.15 0.75 | 75.90 3.30 | 98.26 52 
14.60 5.25 1.55 | 72.30 4.37 | 98.07 Sl 
11.62 4.84 0.80 | 76.70 4.54 | 98.50 " 50 
23.30 9.11 2.05 | 60.08 3.28 | 97.82 Total rock face sampled, 103 
29.00 9.57 3.15 | 52.68 3.52 | 97.87 90 feet 102 

Compiled from Various Sources. 
| 

10.80 | . 1.40 86.60 1.13 | 99.93 

2.57 3.15 90.13 1.11 | 98.89 | Water 1.13 
23.18 3.40 71.30 1.89 Ä 100.07 
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Uses.— The chief present use of the limestones of this formation is 
for building purposes, but is only local. A little of it is burned for lime, 
giving a very dark and a very hot lime. It has been burned at Cincin- 
nati, and a few miles north of West Union, Adams county, for many 
years. A small amount is crushed for road metal, mainly by hand. 

The fact that it is low in magnesia makes it available for portland 
cement. The magnesia is found to be highest where the shale layers 
are thickest, hence we can be reasonably sure that most of the magnesia 
is brought into the sample by the shale. The fact that the shale is 
usually silicious, and that the ratio of silica to alumina is usually about 
_ that desired for portland cement manufacture also recommends it. 

By an inspection of the analyses of Table I, it will be seen that in 
the section sampled at any one geographical point, the greater portion 
could be used, by casting out a small proportion of the shale, and still 
maintain the per cent. of magnesia within that allowable in burnt cements 
—i.e., three per cent., which is equivalent to about 4.5 per cent. magne- 
sium carbonate in the raw or unburnt mixture. 

The economic situation to be considered in using this stone as the 
basis of a hydraulic or portland cement industry is not as favorable as 
the inherent chemical quality of the limestone itself. The distance from 
the fuel supply is its chief drawback. Fuel and limestone, both of proper 
composition, are the two fundamental needs of a cement industry. 
Neither, without the other, makes the most favorable situation. The 
fuel can be transported more readily than the stone, and in fact many 
plants—in fact, perhaps the majority—are situated so that they must 
transport the fuel from fifty to three hundred miles. This can be con- 
sidered in no other light than a very heavy handicap, unless the geo- 
graphical location of the plant gives it a counterbalancing advantage 
in marketing its output—a large home market or a fine center for dis- 
tribution. 





The location of the Hudson River group limestones in the south- 
western corner of Ohio is neither the best nor the worst in the matter 
of access to fuel and to markets. The haul of the fuel runs from thirty 
to one hundred miles. Part of the area is available for river transpor- 
tation, and the finest fuel of the Pittsburg and Kanawha districts is thus 
reached with low transportation costs. The other points would depend 
on all-rail transportation, and probably on the coals of southern Ohio. 

In summing up, this district may be said to be a possible, but at 
present not a commercially attractive location. How soon the shifting of 
conditions as to markets and fuel-supply may change this judgment, 
cannot be foretold. The fact of chemically suitable material on which 
to found the industry cannot be gainsaid. 
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“ THE CLINTON FORMATION. 


The Clinton limestone is a formation lying between the topmost of 
the Hudson River series, the Medina shales, and the bottom member of 
the Niagara series, the Dayton limestone. Its thickness is not great, 
from ten to fifty feet. It occurs generally where the areas of Niagara 
and Hudson River group formations come in contact, forming a narrow 
or fringing border. So far as is known, there is no large areain the state 
where it is the superficial formation, but the collective area of its ex- 
posures in Butler, Preble, Montgomery, Miami, Clark, Greene, Warren, 
Clinton, Highland and Adams counties (see map, Chapter I) must 
aggregate several hundred square miles. Wherever erosion has cut 
through the Niagara into the Hudson River series, the Clinton may be 
found. 





Physical Character.—It is the most irregular formation in the west- 
ern half of the state in color, bedding and composition. Yet with all 
its irregularities it is very readily recognized by its coarsely crystalline 
character. The upper layers are always rich in crinoidal stems. It is 
further marked by a red stratum, which in a few localities becomes rich 
enough in iron to deserve the name of ore. 





Chemical Character.—The few analyses of the Clinton limestone, 
which had been made when this survey was undertaken, usually gave 
very high percentages of calcium carbonate, low percentages of mag- 
nesium carbonate, and oftentimes very low silica and alumina, indicating 
that the formation was one of the best sources of high-calcium lime in 
Ohio. All of the older writers had called attention to these peculiarities, 
but none of their samples were so specifically described as to make it 
apparent that they represented any large or accessible deposits, which 
might be opened up to industrial uses. It was therefore determined to 
study this formation at a number of points with a view to finding if it 
really was capable of use in a large way as a portland cement stone, or 
for other chemical purposes like sugar manufacture. 

The results of this investigation have been given county by county 
and are here collated, the new work being given first and the compiled 
analyses following: 
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Tage II. — Analysis of the Limestones 














= | 
5, | 
se Locality of quarry. Thickness and relative tion of strain ro. 
a? | 
fa | 
E | 
125 | Clark Co., Enon............. From top, down 8 feet .......... 0. ccc eee 
126 ec“ eee e eee eee Next 6 feet below sample 125.............. 
110 | Clinton Co., Lumberton ...... From top, down 12 feet .............. 0000s 
111 “ “ Mer Next 7 feet below sample 110.............. 
104 “ “ Wilmington...... From top, down 9 feet ........... 0... 0 eee 
105 “ Mn Next 9 feet below sample 104... ............ 
106 “ “ Maren Next 7 feet below sample 105.............. 
114 “ Lynehburg ...... From top down 8 feet 6 inches............. 
115 A “ “ .....| Next 6 feet below sample 114.............. 
116 “ “ .....| Next 5 feet below sample 115............... 
127 | Greene Co., Yellow Springs ...| From top, down eight feet................. 
128 “ “ “ “ ..] Next 8 feet below sample 127.............. 
129 “ “ “ “  ..| Next 9 feet below sample 128.............. 
132 “ “ New Jasper...... From top, down 5 feet .......22222ccce 
131 “ [ee Men Next 7 feet below sample 132.............. 
130 “ eu" Mn Next 7 feet 6 inches below sample 131....... 
43 | Miami Co., Piqua............ Top, down 8 feet. ..... 0.0... cece eee 
36 “ ME ernennen Next 6 feet 4 inches below sample 43........ 
47 | Montgomery Co., Centerville..| Top, down 9 feet........... 0... 0c cee eine 
48 “ “ “ Next 8 feet below sample 47................ 
63 | Preble Co., Eaton............ From top, down 28 inches..............2.... 
62 “ “ 66 bec eeeeeee Next 36 inches below sample 63............ 
61 “ “ rennen Next 42 inches below sample 62............ 
60 “ “ ernennen Next 48 inches below sample 61.......... oe 
35 “ “ New Paris........ From top, down 2 feet......... 0.00 cee oe 
Analysis of Limestones of this Formation 
a | Adams Co., Lick Fork........ Locke, analyst, 1837.......... 0.0.00 000. 
b | Clark Co., New Carlisle....... Wormley, “ 1869 .... ec eee eee 
c ce“ 66 ran Lord, (6 acc cece n ene ee een tenes 
d | Greene Co., Osborn.......... Lord, “ } 1.7, 1 WER 
e ‘“ “ Mr ereeennn Lord, e 1888... 22222200 eee ee 
f | Miami Co., Piqua............ ‚ord, “ 1888.0... cee eee 
“ “ TLudlow Falls ..... Wormley, “ 1 > Y 1 cee eee ee 
k Montgomery Co., Centerville..| Wormley, “ 1870.:..2 ce eee eee 
i “ “ Dayton.....| Locke, “ 1838.0... ee ee eee 
j « “ nn Wormley, “ 1870. 6... eee eee eee 
k “ “  Centerville..| T.H.Norton, “© 6... eee ce eee 
1 | Preble Co., Eaton............ Wormley, “ 1869 ...... cece eee eee 
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Of the Clinton Formation 








Ö 
§ 3 Bg Ss. 

g ; 3 3 : 3 g 8 Remarks aa 
3 © 8 ° . 2 
aa ot 

£ | 3 3 E 
0.84 1.32 0.42 | 83.40 | 13.93 | 99.91 125 
1.00 0.60 1.70 | 54.08 | 42.42 | 99.80 126 
1.80 0.85 0.75 | 93.90 2.78 | 100.08 110 
17.80 4.18 3.30 | 45.58 | 29.94 | 100.80 111 
2.10 2.21 3.07 | 87.07 4.92 | 99.37 104 
2.32 1.53 1.15 | 83.77 | 10.20 | 98.97 105 
10.04 3.10 2.60 | 49.70 | 33.48 | 98.92 106 
2.96 0.81 0.75 | 94.48 0.98 | 99.98 114 
19.10 1.04 0.90 | 77.45 1.24 | 99.73 115 
8.70 2.51 1.55 | 74.78 | 12.09 | 99.63 116 
4,28 1.37 1.51 | 67.21 | 25.04 | 99.41 127 
1.53 1.30 0.90 | 77.35 | 19.45 | 100.53 128 
0.72 0.45 1.95 | 68.20 | 28.44 | 99.76 | Near bottom of Clinton. 129 
10.32 5.73 4.07 | 71.78 | 7.36 | 99.26 | Red crystalline stone. 132 
9.30 4.38 0.60 | 81.92 3.24 | 99.44 | Light colored stone. 131 
2.54 0.69 1.71 | 75.27 | 20.60 | 100.81 | Brownish gray stone. 130 
1.40 1.14 | trace | 87.50 9.40 | 99.44 | Ohio Marble bos, 43 
0.46 0.59 0.17 | 82.35 | 16.76 | 100.33 | Ohio Marble Co.’s. 36 
4.02 2.28 0.52 | 88.95 3.59 | 99.36 | Covered by 9 feet 6 in- 
ches of stone. 47 
0.50 0.48 1.00 | 90.95 7.06 | 99.99 | Shale immediately un- 
derneath. 48 
1.02 1.22 0.22 | 95.35 2.21 | 100.02 63 
0.92 1.00 0.10 | 95.20 2.40 | 99.62 62 
0.58 0.47 0.25 | 91.85 6.50 | 99.65 61 
0.74 0.62 0.40 | 94.45 4.07 | 100.28 60 
1.52 1.00 0.60 | 95.10 1.80 | 100.02 35 
Compiled from various sources. 
2.00 1.60 93.00 3.04 | 99.64 | Flinty limestone. a 
0.40 wees 95.60 3.93 | 99.93 b 
0.83 0.29 96.80 2.07 | 99.99 c 
1.64 0.36 97.09 0.82 | 99.91 | Haddock’s best. d 
0.70 0.41 97.14 1.21 | 99.46 “ rejected. e 
0.45 0.26 95.03 4.35 |100.09 | Harrington farm. f 
0.80 1.20 91.30 6.51 | 99.81 | Smith’s quarry. 
0.85 0.40 86.30 | 11.34 | 98.89 h 
2.60 0.53 92.30 1.10 | 96.53 | Combined water 1.08 i 
3.47 0.55 90.03 5.71 | 99.76 j 
3.58 1.80 87.07 7.37 | 99.82. k 
0.35 0.80 85.21 | 13.56 | 99.92 l 





10-8. G.—Bull. 4 
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The wide range of composition is apparent. There is much stone 
of the character noted by the earlier observers. There is much that is 
far from it. In the case of some few of the samples, it is possible that 
wrong correlations have been made and analyses thus included which 
really belong in other tables. This is not thought to be the case. 

It is seen that in many cases the carbonate of calcium is diluted 
with sand and clay, as in samples 115 and 131, but more often the 
dilution is with carbonate of magnesium as well, as in samples 125, 126, 
105, 127, 130, ete., and in many others the increase in magnesia and clay 
and sand was simultaneous, as in 111, 106, etc. 


In summing up, we may say that the Clinton formation contains, 
in many places, limestones of very great purity, but that the formation 
is too irregular in composition, both from laver to Jayer and from area 
to area, to make it, per se, valuable for high-calcium lime. That is, the 
possession of an area of Clinton limestone is not to be considered as a 
guarantee of having an area of high-calcium stone, or even of low-mag- 
nesium stone. It can only be considered as a possible—not improbable 
—source of such stone, and the burden of proof rests strongly on the 
would-be user. Nothing less than thorough sampling. layer by layer, 
and acre by acre, would justify the establishment of any large industry, 
dependent on accurate chemical control, on this formation. At the 
same time, it is fully believed that there are many places in the Clinton 
areas of Ohio where such locations can be found by careful testing... “J 


Uses.—The Clinton limestone is worked to only a small extent. The 
formation in the majorlty of places makes a very hot lime, not desired 
by the quicklime trade, so that this branch of the industry does not 
flourish. It is sometimes used; for instance, the Ohio Marble Company 
of Piqua sell a part of their stone to other parties who burn it for lime. 
For building stone aiso, it does not seem well suited. At Wilmington, 
the Ballard quarry produces a fine bridge stone, which can be worked 
with economy. This is the only place which can be cited where the 
Clinton stone seems a really desirable stone from the quarryman’s stand- 
point. It is used for crushed rock and railroad ballast at a number of 
points, viz: Centerville, Wilmington, New Jasper, Lynchburg. u 

At Piqua, the Ohio Marble Company are grinding the lower courses 
of the Clinton, and selling it as marble dust, for various purposes. The 
stone is nearly white, showing beautiful, large, slightly pink dolomite 
erystals, and practically free from shale. 

For portland cement, it has a possible use, in some of the exposures 
cited. Its composition is often favorable. High-caleium stone is not 
essential, if the magnesia is low. Many of the silicious forms would be 
admirably adapted to this industry, furnishing nearly all the silica and 
alumina that the cement would require, and hence requiring the addition 
of little or no clay. 

However, the economic considerations which must receive a search- 
ing analysis in any profitable and successful mineral industry are against 
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the Clinton locations to some extent. They are all distant from fuel; 
i. e., it would require railroad transportation of from thirty to one ‘hun- 
dred miles. This is by no means prohibitive, but it is not as favorable 
as the situation which some other localities enjoy. 

One other consideration which affects prejudicially the Clinton as 
a portland cement material is the comparatively few places where it is 
really the superficial deposit. Many of its best exposures occur where 
the overlying Niagara would have to be removed to the extent of from 
several feet up to fifteen or twenty. This is of course a severe handicap. 
It necessitates the finding of a market for the cap rock which must be 

moved. It would have to pay for its own handling, but the profitable 
moment for handling could not be chosen—it would have to be kept out 
of the way, either at a profit or a loss. Also, if the attempt were made 
to mine the Clinton without taking out the Niagara, the question of 
drainage might become serious. 

Also the stripping of the Niagara from the Clinton would leave a lot 
of small fragments of magnesian stone, which would be always likely to 
get into the material below, and thus make an element of fluctuation in 
the composition. 

It seems likely from all of these considerations, that the portland 
cement industry will develop at other points in preference to Clinton 
areas. Yet it is beyond question feasible to establish an industry upon 
the limestone. It does not now seem the best opportunity which the state 
affords. 

THE NIAGARA GROUP. 


The Niagara group is the name given to the lower portion, usually 
about one-half, of the rocks of the upper Silurian age in Ohio. The name 
has been abandoned elsewhere, and may be abandoned later in Ohio, 
when the various sub-formations are clearly worked out and correlated. 
The rocks of this age in Ohio are found in two areas, a northern and south- 
ern, which do not communicate, and the formations or sub-formations 
shown in the south are probably not all clearly distinguishable in the 
north. 

The group is predominantly calcareous everywhere in Ohio. Lime- 
stones constitute the bulk of the rocks, and the majority of the sub- 
formations. Some few thin shales and sandstones make their appearance 
locally, but the shale and clay material is unimportant in total amount- 


The limestone strata are divided into a number of different sub- 
formations, which are lithologically distinct at the points of their most 
characteristic development, but which become hard to recognize else 
where. It is difficult therefore to clearly place all of the samples and 
analyses here collected, in their proper stratigraphical order. Without 
doubt, errors in correlation have been made. However, the general 
character of the stones of this group is chemically quite uniform, even 
when the rocks are Jithologically markedly different, and when their 
fossil life is also characteristic and dissimilar. As the general purpose 
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of this work is chiefly industrial, and specially for industries based on 
chemical processes, any errors in correlation which may have been made 
will not affect their value to any serious degree. 


The limestone subdivisions now recognized in this formation in 
southern Ohio are the Dayton limestone, the West Union limestone, 
the Springfield limestone and the Cedarville limestone. 


The Dayton Limestone.—This is a very hard, dense limestone of 
light blue-gray or gray color, which often is marked by the occurrence 
of iron pyrites in crystalline form, scattered in little grains through the 
rock. It is greatly valued for a building stone, and though hard to dress, 
it makes cut stone equal to any which can be made from limestone in 
durability, strength, and uniformity of color. The stratum in Dayton, 
where it has been largely worked for years, is only five to ten feet in thick- 
ness. It is not a uniformly occurring bed—its area in any one locality 
is small, but its character is so marked that it is recognizable wherever 
it is found. 

The composition of the Dayton stone in its characteristic exposures 
is highly calciferous, ranging from 85 to 95 per cent. of carbonate of 
calcium, with low magnesium. 


The Dayton stone is not used for lime, because of the limited amount 
of it, and its value for building purposes, and the abundance of other 
stone nearby which makes acceptable lime. Its almost sole use is for 
building stone, in Montgomery, Miami, Clark, Greene, and Clinton coun- 
ties. 


The West Union Limestone.—The West Union stone, or ‘“Cliff’’ lime- 
stone of the older reports, is a massive ledge overlying the shales which 
generally cover the Dayton stone, or which in its absence lie on the Clin- 
ton. This formation is developed chiefly in the southern portion of the 
field, in Adams and Highland counties, where it has a thickness of twenty, 
forty, or even eighty feet in its southern exposures. It is a massive, 
heavy-bedded, generally impure limestone, magnesian in character, but 
seldom attaining the dolomite composition shown by the next stone above 
it. This stone is used somewhat for building purposes and sparingly 
for lime. It is nowhere the basis of a large industry. 


The Springfield Limestone.—This valuable stratum is the one which 
gives character and continuity to the Niagara group as a group. Like 
the lower Niagara, the upper portion of the group is even bedded, but 
unlike it the beds are of great thickness, so as a rule it is not adapetd 
to the economic quarrying of building stone. It is, however, in a few 
localities used to some extent as a material for construction. Its main 
value, however, lies in the production of lime. The well-known white 
lime of Springfield comes from this horizon. 


The physical character is almost always massive and earthy, and has 
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a narrow range in color, nearly always being a buff, with occasional 
quarries showing a brownish yellow. 

In chemical composition it is always close to a pure dolomite. The 
silica and alumina seldom reach three per cent. The lime made is usually 
almost a pure white, with a pink tint in many locations. 


The Cedarville Limestone.—This formation is the cap rock of Spring- 
field stone, and while just as valuable for lime burning on account of 
its thinner, friable slabs, and porous structure, it is less valuable for 
common building stone. These two formations have an identical com- 
position, both being nearly pure typical dolomites. Hence it has been 
impossible in this report to distinguish clearly between them in the vari- 
ous samples taken and the various analyses quoted. Suffice it to say 
that the upper portion of the Niagara in both southern and northern 
portions of the state, while lithologically and stratigraphically separable 
into two beds, is for lime and chemical uses inseparable. 

The two formations are usually worked together. The Springfield 
quarries, making the famous Springfield lime, are using the Cedarville 
or cap rock for it, and using the Springfield stone below partly for build- 
ing stone and partly for lime. At Cedarville, also, both formations are 
worked and the upper is best suited to the lime kiln, by physical struc- 
ture, but not by composition. 

The uses of these two formations is chiefly for lime burning, though 
they are quarried for building stone and even for crushing at some points. 
They are the basis of large lime industries in the following points: 

Port Williams, Greene county. 
Cedarville, Greene county. 
Yellow Springs, Greene county. 
Springfield, Clark county. 
Gettysburg, Darke county. 
Carey, Wyandot county. 
Fostoria, Seneca county. 
Gibsonburg, Sandusky county. 
Woodville, Sandusky county. 
New Paris, Preble county. 
Lewisburg, Preble county. 
Covington, Miami county. 

It is used at Springfield and a number of other points for road metal 
and flux. 





Chemical Composition.—The composition of the limestones of the 
Niagara group in fifteen counties and thirty-three localities is given 
below. The total number of samples analyzed number eighty four. It 
has not been possible to classify them accurately with regard to their 
formations and hence no attempt has been made to group the analyses 
of each formation by themselves. However, where any clue to the for- 
mation is at hand it has been indicated in the remarks. 
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Table III—Analyses of the Limestones 


Logation of quarry. Thickness and relative position of stratum Tepre- 


Adams Co., West Union...... From top, down 4 feet 6 inches............. 
“ |.“ en Next 6 feet below sample 80............... 
“ .. Men Next 8 feet below sample 81............... 
“ “ Peebles.......... From top, down 12 feet .................... 


“ “ Newport......... From top, down 21 feet ................... 
“ “ ren Next 10 feet below sample 94 ............... 


Clinton Co., Lumberton ...... Top, down 5 feet 6 inches. On the Clinton. . 
e “ Wilmington...... Top, down 5 feet 6 inches. On the Clinton... 
“ “ Lynchburg...... 4 feet 6 inches, under 4 feet 6 inches shale... 
Darke Co., Gettysburg nn From pile of already quarried rock een 


“ ce 


Greene Co., Port Williams ....| From top, down 7 feet .................... 
“ “ New Jasper ...... From top, down 6 feet ..................-. 

“ u.“ nn Next 2 feet 6 inches below sample 134....... 
Highland Co., Leesburg ...... From top down 10 feet, underlain by 2 feet 
of shale.......... 0... cece eee ee eee 

“ “ “ .....| Next 6 feet below shale of sample 119...... 

“ “ en Next 13 feet below sample 120............. 

“ « Hillsboro.......! From top down 23 feet—Rucker’s Quarry... 

U rrn....| Next 24 feet below sample 99.............. 

“ “er.....| Next 14 feet below sample 100............. 
Mercer Co., Celina........... From top down 4 feet..................4.. 
Miami Co., Piqua en From top, down 16 feet 6 inches............ 
Montgomery Co., Centerville. .| Stripping soft stone, 5 feet 6 inches...... . 
“ “ “ ..| Next 4 feet below sample 45............... 
Preble Co., New Paris........ From top, down 10 feet ................ Lee 
“ ou“ ren Next 19 feet 8 inches below sample 34....... 


Analyses of Limestone of the Same Formation 





Adams Co., West Union...... Wormley, 1869, “Cliff’’ Limestone .......... 

Clark Co., Springfield ........ “ 1869-1870, Thompson’s Quarry... 
cu. nenn “ “  _Moore’s Quarry....... 
“ “ nn “ “ “  Frey’s Quarry........ 
“ 66 66 66 “ be rd Q arty 
cs ac 6é“ “ “ 6é 66 dt , 
“ “ en “ “ “  Sintz’s Quarry........ 
“ “ “ “ “ “ Peiner Quarry..... 
“sé ci“ cc 66 ‘“ ‘“ cc ce an 
66 “ 66 és 6é ‘c c « 
co“ nenn | N. W. Lord, 1886-1887, “ nn 
“ “ ren A “ “  _Moore’s Quarry.... 
“ ‘ nn | ce“ “ “  Frey’s a on 
of “6 “a | ck “ “ “ MeCarty’s Quarry u 
“ “ nenn «a “ “ Sintz’s Quarry..... 
6 be 66 | “ 66 ” 66 cc Sintz’s pu Quarry. , 
“ bs “ ) “ “ 17; “ “u “ 

Darke Co., New Madison .....| Wormley, 1870, Northrop’s Quarry ........ 
“ “ Greenville........ | “ “ Gard’s Quarry ............ 

“a 


“ a | “ “  Bierly’s Quarry............ 
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Of the Niagara Formation 
R- 
Constituents § 
d 25 8 : 8 8 Total. Remarks. E g 
al i Ext aq 
< | ö : & 
1.83 1.91 | 51.90 | 40.45 | 100.55 80 
2.39 1.87 | 44.00 | 33.78 | 99.84 81 
3.06 2.80 | 39.50 | 29.30 | 99.22 82 
1.70 2.30 | 56.20 | 24.94 | 99.46 | Probably belongs just be- 
low 82. 96 
5.62 2.34 | 71.40 3.87 | 98.03 94 
1.78 1.36 | 76.80 2.64 | 99.42 | Bottom of sample at R. 
. level. 95 
1.94 1.20 | trace | 94.42 2.19 | 99.75 Dayton formation. 109 
3.00 0.97 2.47 | 63.09 | 30.20 | 99.73 107 
4.88 1.52 3.66 | 64.55 | 25.51 | 100.12 113 
0.88 0.84 .... | 54.70 | 43.38 | 99.80 31 
0.60 0.70 ...» | 55.50 | 43.68 | 100.48 32 
0.60 0.76 .... | 54.50 | 43.33 | 99.19 Used for lime exclusively. | 108 
5.70 2.20 1.20 | 72.20 | 18.25 | 99.55 | “Dayton” limestone. 134 
9.16 2.69 3.25 | 54.43 | 30.42 | 99.95 | Dark colored limestone. 133 
4.10 1.32 1.10 P 52.63 | 41.08 | 100.23 | Yellowish stone. 119 
2.42 0.78 1.78 | 53.70 | 41.26 | 99.94 | Darker than above. 120 
2.30 0.95 1.55 | 53.63 | 41.60 | 100.03 | Blue hard stone, under- 
lain by shale. 121 
1.88 0.86 | trace | 54.10 | 43.24 | 100.08 “Cedarv ille” stone (?). 99 
9.88 3.65 0.45 | 50.90 | 34.78 | 99.66 eld”’ ‚stone (?). 100 
30.12 4.30 0.80 | 40.20 | 23.50 | 98.92 “West t Union” stone (?). 101 
1.14 0.52 | trace | 54.80 | 43.10 | 99.56 30 
6.24 2.52 1.00 | 59.40 | 31.04 |100.20 | Overlying the Clinton. 44 
24.20 | 11.03 1.45 | 36.65 | 24.24 | 99.57 Talbot quarry. 45 
2.04 1.05 0.15 | 93.25 2.82 | 99.31 | Dayton” limestone. 46 
2.50 1.32 | trace | 67.00 | 29.32 |100.14 | Hard, blue, well bedded. 34 
18.20 1.89 0.15 | 54.80 | 25.80 | 100.84 Flinty—just on top of 
Clinton. 33 


Compiled from Various Sources. 





: 
2.20 42.80 | 34.79 | 98.59 | a 
0.70 50.90 | 39.77 | 99.63 b 

90 46.40 | 47.53 | 98.83 | c 
0.30 53.70 | 43.13 |100.23 | Bottom rock. |  d 
0.20 54.70 | 44.93 | 99.93 | Middle rock. e 
1.00 54.70 | 42.37 | 99.57 | Top rock. f 
3.10 .... | 49.70 | 39.20 | 99.60 | Building stone. ß 
1.80 oe 55.40 | 41.48 | 99.98 | Middle bed. 

2.70 | .... | 53.90 | 41.90 | 99.90 | Top bed. i 
1.70 55.10 | 43.05 | 99.95 J 
0:56 54.13 | 44.37 | 99.71 | Average of many analyses k 
0.42 53.51 | 44.96 | 99.55 | Average sample. l 
0.39 53.88 | 43.79 | 99.61 | Average sample. m 
0.39 53.77 | 44.76 | 99.51 n 
0.37 53.92 | 44.99 | 99.96 0 
0.54 33.44 | 44.49 | 99.84 | Lime rock. p 
0.96 50.13 | 40.64 | 99.10 | Building stone. q 

.70 51.70 | 45.26 | 99.66 r 

.20 51.30 | 45.72 | 99.22 8 

.60 44.60 | 50.11 | 99.31 t 
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Analyses of Limestone of the Same Formation 


Thickness and relative position of stratum repre- 


Serial number of 


3 Location of quarry. ted by this sample. 
a 
u | Darke Co., Greenville........ Orton, 2... coc ccc cc cece ccc eee ences 
v Greene Co., Yellow Springs we Wormley, 1869, Sroufes’ Quarry ernennen 
x “ ‘ we nw wee ewe 
cc «“ 66 66 
ee Aula en 
“ “ bd 66 “ 
| ee] ea a ce eee 
ac “ “ rennen Wormley, 1869, Best “Cincinnati” stone..... 
ad “ Xenia........... “ MecDonald’s Quarry ........ 
ae Highland Co. Lexington ..... ‘ 1869-1870 Pope’s ( . 
Fe > Wa Quam 
“ éé cs ‘“ “ &é . 9 
tee ete em le’s Quarry «. - 
aj | Miami Co., Covington en N. W. Lord, 1887, Rhule’s Quarry..... Leas 
ak Brant............ ...“ Corey’s Quarry............-.. 
al | Montgomery Co., "Wayne Tp...{| er & Wilson’ 8 Quarry cece eee eee 
am “ e a a a a BE | BE | BE | EEE 
an “ 6é 66 “ .. “ «“ « “ a 
ao | Ottawa Co., Genoa.......... 1887-1888, Newman’s Quarry... 
ap “ éé rn «“ “ “ 6é ‘ 6c “ 
aq “ cc rn “ ‘“ ce ce cc Wyman & Greggs 
| NW. Lord, 1887-1888, Habbere's Query. 
as “ “ ern “ “ Holt’s Quarry...... 
at Preble County, Eaton........ Wormley, 1 CY | | ern 
au “ New Paris........ Lord, 1887-1888, Dwyer’s Quarry wee e cece 
av “ a EEE | BEE | BEE | EEE | SEE | BE 
aw 6 ea ...f “& & Mt  Smith’s Quarry........... 
ax “ “ Lewisburg........ |. “ Disher’ s Quarry bocce eee 
ay “ ‘s Mr “ “ 66 eens 
az “ dae eee cu “ Turner’s Quarry Lene ee eens 
ba Sanday County, Woodville..| N. W. Lord, 1887, Rancamp’s Quarry....... 
bb Seneca Cc Fostoria en 66 cnn ence ene nnees 
bd | Shelby Co., Sidney.. .........| Wormley, 1870, Dugan’s Quarry............ 
bf | Wood Co., Bowling Green.....| N. W. Lord, 1887-1888, Thurston's ‘Quarry .. 
b “ “ Rising Sun........ “oe Wyman, North & Co. 


b «Luckey Station....) “ “ “ “ & Wyman, Gregg & Co. 


153 


LIMESTONES AND LIME INDUSTRY. 


Compiled from Various Sources. 
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A study of this table shows: 

First: That the Dayten stome, m a considerable number of ex- 
pasures, is a high-calcium stone, ranging even to 94 per cent. calcium car- 
bonate—cf. 109, 134, 46. 

Second: That stone on the same horizon—-i. e., just above the Clin- 
ton—have been found in a few places, showing magnesian character— 
cf. 44, 33, etc. | 

Third: That the bedded limestones, lying next above the Niagara 
shale, and used chiefly for building stone, crushing, ballast, ete., are in 
all cases magnesian, but not dolomites—cf. 101, 80, etc. 

Fourth: That the top of the series, consisting of the two principal 
limestone formations, present the most wonderful regularity and con- 
stancy of composition. They are either pure dolomites, or if diluted 
with sand or clay, they still remain dolomitic. No finer body of pure 
limestone can be found anywhere than the great body of these two for- 
mations which cover many hundreds of square miles in the west half of 
the state. 


Uses. These have been mentioned repeatedly in different connec- 
tions. Briefly, they are in order of importance: 


First: White Lime. This group is the basis of a larger industry 
in lime than any other in the state. The product is always of the mild 
or slow type, but is unsurpassed for whiteness, plasticity, covering qual- 
ities, and general good working qualities. 


Second: Butilding Stone. The lower members furnish a magnif- 
icent stone for cutting, and are the basis of a large industry in the south- 
western part of the state. Also, much stone for ordinary range work 
is obtained from the lower half of the group and some considerable from 
the upper half as well. 


Third: Crushing for Ballast, Concrete, etc. No large quantity of 
stone for this purpose comes from this formation. Some flinty layers 
occur which are fit for no other purpose and are used, especially when they 
cover more desirable beds, but compared to the great industries mentioned 
on the Corniferous and Waterlime, the crushed stone industry is small 
and likely to remain so. The softness and porosity of many parts of 
the stone are unfavorable to this industry, but exceptionally favorable 
to the burning of lime. 


Fourth: Cements. No hydraulic lime, natural cement or portland 
cement is made in Ohio from rock of this group, so far as is now known. 

The Dayton stone is in a few places of remarkable purity—eminently 
satisfactory for portland cement. Where this quality of stone lies on 
the Clinton direct, as at Lumberton and Centerville, and where the Clin- 
ton also presents a high-calcium phase, the combined thickness of the 
two materially improves the chance of working them profitably; also 
the danger of contamination of the lower by chips of the upper is removed. 
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It cannot be fairly claimed, however, that there is any large prospect of 
finding all of these conditions in numerous places, or that the Dayton 
stone has by itself much of a future in the cement industry. 

None of the strata above the Dayton stone show the least likelihood 
of being useful in this field. 


THE LOWER HELDERBERG OR MONROE FORMATION. 


This group is much simpler than the Niagara, consisting of an upper, 
principal stratum of limestone of considerable thickness, underlain in 
a few localities by a thin bed of sandstone. The sandstone in turn, or 
in its absence the upper limestone, is underlain by a thin-bedded lime- 
stone which becomes even shaly in places, though still remaining cal- 
careous. The only member of the group which is of importance in the 
connection here discussed is the upper member, which has recently been 
given the name Lucas limestone. The Lucas limestone is the stratum 
of the Lower Helderberg or Waterlime group which figures in previous 
reports in connection with the lime and stone industry. 

The area covered by the formation is considerable. It is confined 
in Ohio to the west and northwest part. In Paulding, Van Wert, Put- 
nam, Allen, Lucas, Wood, Hancock, Harding, Wyandot, Logan, Union, 
Champaign, and Madison counties, it is the predominating superficial 
formation; in some cases, the only one. In Mercer, Auglaize, Henry, 
Ottawa, Sandusky, Seneca, Marion, Delaware, and Fayette it is well 
represented, but not predominant. The total area covers many thousand 
square miles. 

In the most of this area, the topography is flat and uninteresting 
and the exposures of the stone are few. The bulk of the openings are 
made artificially---natura] quarry sites such as characterize the lower for- 
mations in central and southwestern Ohio are rare. 


Physical Character.— This formation is not nearly so regular in its 
physical character as the preceding, varying from an earthy, dirty-brown, 
rather soft stone, through a light-gray porous phase, showing large crys- 
tals of dolomite, to a hard, dense, bluish stone. 

These different physical characters observed are possibly due to 
different ages or times of depositions, so that a careful tracing of similar 
physical characteristics might assist in defining each period of deposition 
throughout the entire height of the Ohio scale of the Waterlime for- 
mation. 


Chemical Character.—In chemical character it is very regular, vary- 
ing from a pure dolomite only by the inclusion of sand and clay, generally 
in very small quantities. In this respect, it is almost identical with the 
Niagara below it. It is one of the wonderful instances of close adherence 
to a type composition in a mineral stratum which can be instanced in 

eological literature. For instance, examination of the subjoined table 
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shows that in ten counties, covering a distance of one hundred and fifty 
miles or more, all thirty-two samples are uniformly dolomites. The 
percentage of admixed clay and sand is also very small; in twenty-six 
out of thirty-six analyses, the silica falls below three per cent., and the 
combined carbonate of calcium and magnesium will certainly average 
above ninety-five for the entire lot. In many cases, the total impurity 
falls below one per cent. 

It is difficult for us to see why this formation came by its name, 


IV.—Table of Analyses 








3 
ER ; c and relative tion 
| Location of quarry. Ths Knee masonite by rs mye 
ts 
27 | Allen Co., Lima............. From top, down 26 feet ......... 222222200. 
28 « «" Bluffton... 0.0.0... From top, down 12 feet ................... 
21 | Hancock Co., Findlay........ From top, top, down 9 feet 6 inches—Tarbox & 
20 ‘¢ “ ren ! Next 12 feet below sample >) EEREERERRERREE 
40 | Hardin Co., Kenton.......... | From top down 5 feet—Locey’s quarry....... 
41 “ “ U eeernenn | Next 10 feet below sample 40............... 
122 | Highland Co., Greenfield.....' From top, down 31 feet Rucker’ 8 quarry. 
123 “ e “ .....| Next 12 feet below sample 122............. 
124 “ “ + .....| Next 13 feet below sample 123............. 
117 ‘6 “  Leesburg....... | From top down 12 feet—Luft’s quarry...... 
37 Logan Co., Bellefontaine ..... ı From top, down 8 feet—B. S. & LimeUo..... 
38 ‘ “ nn | Next 4 feet below sample 37—B.St.& Lime Co. 
39 “ “ Mn | Next 15 feet below sample 38 “ 


13 | Sandusky Co., Fremont....... From top,down 12 feet—Gottron Bros. quarry 
29 | Van Wert Co., Middle Point...| From top, down 22 feet—E.H.France’s quarry 


Analyses of the Lower Helderberg Limestones 





Allen Co., Bath Tp........... Lord, 1887—G. W. Fetter’s quarry ......... 


a 
b | Fayette Co., Green Tp........ Wormley, 1869-1870, Rittenhouse’s quarry... 
Cc Cy Wayne p cece eee “ “ 66 6 “cc 
d 6é “ “ en bc ‘“ és ‘“c “ce 
e cc ‘“ «“ en 66 66 ci ‘“ 66 
f | Hancock Co., Findlay........ Lord, 1887.......... 0... cece cee eee eee 
‘“e 66 66 
R Highland Co Greenfield un Wormley, 1869-1870 —Wright’s quarry....... 
u a BEE BE “ a 
j “ “ Sinking Springs “ “ (kk cence eee c nce eaes 
x Logan Cc Co., Bellefontaine ran , “ “  Scarf’s quarry........ 
m | Lucas Co., Toledo. esse “ ‘6 “ No locality given a 
“ 6 ‘ bc 66 oé “ (a) ci 
blu. zum a wu. un 
p Ottawa Co., Rocky River..... Lord, 1887—Kingham’s quarry............. 
q “ Limestone Station “ (6 eee cece cece eee eee e eens 
r | Sandusky Co., Fremont....... “ “  Noble’s quarry. .............. 
8 ¢ “¢ ren “ “  Gottron Bros. quarry.......... 
t | Seneca Co., Fostoria.......... “ Er cece cece cece cece eee eeneees 
u OO 
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Waterlime, for no limestone formation in the state so seldom shows 
aptitude for making hydraulic lime. It was probably expected, from 
characteristics shown by beds of the same age elsewhere, that this bed 
would be of that character; in fact, an effort was once made by the evi- 
dence of the three analyses, i, j, and k, to show that the formation was 
true to its name. But it has long been known that these Toledo samples 
do not represent the character of the formation at all—in fact, they stand 
out as the three marked departures from the type in the whole collection. 


Of the Lower Helderberg Limestone. 





Constituents. be 

— i 

gj ¢ | F g s E Total. Remarks, 5 

sı £ | #8 | 272 3% as 

7) < od aEıdE ° 
1.40 0.88 | trace | 54.25 | 43.36 | 99.89 27 
2.70 1.32 | trace | 53.00 | 42.80 | 99.82 28 
0.92 0.52 .... | 55.50 | 43.40 |100.34 21 
1.36 0.96 .... | 54.90 | 43.42 |100.64 20 
3.06 2.10 | trace | 52.55 | 42.12 | 99.83 | Buff. 40 
1.80 1.04 | trace | 53.50 | 43.10 | 99.44 | Blue. 41 
1.10 0.46 0.30 | 55.00 | 43.44 |100.30 | Massive layer. 122 
1.90 0.64 0.20 | 54.00 | 42.72 | 99.46 | Thin, even beds. 123 
2.10 0.74 0.20 | 53.70 | 42.94 | 99.68 | Thicker, even beds. 124 
7.16 2.19 1.05 | 49.95 | 39.42 | 99.77 117 
2.00 0.96 0.20 | 54.70 | 42.80 |100.66 | Gray, hard, well bedded. 37 
1.24 0.21 0.35 | 55.30 | 43.17 |100.27 | Soft and rotten. 38 
2.10 0.99 0.15 | 54.40 | 42.92 |100.56 | Heavy bedded, soft. 39 
1.06 0.42 | trace | 55.65 | 40.66 | 97.79 | Rejected for lime. 13 
1.12 0.52 | trace | 54.55 | 43.56 | 99.75 ° 29 
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1.18 0.14 53.69 | 45.00 {100.01 | Used for lime. a 
6.00 2.30 52.40 73 | 99.43 | Used for lime. b 
4.80 2.60 53.60 30 | 99.30 cs“ c 
3.60 2.20 54.00 99.30 ce“ d 
2.80 2.90 53.60 99.58 cea e 
1.55 0.39 53.88 99.61 | Accepted quality. f 
8.00 1.16 49.62 99.72 | Rejected for lime. g 
4.43 1.00 49.70 00.00 | L.me and building stone. h 
2.44 1.30 99.83 |. “ “ i 
0.70 1.50 52.87 94 | 99.40 | 1.39 calcium phosphate. j 
2.80 1.30 55.10 11 | 99.31 k 
2.70 2.10 55.00 | 39.74 | 99.54 l 
16.76 2.24 46.60 | 32.69 | 98.29 | Hydraulic lime. m 
19.40 1.82 44.40 | 32.69 | 98.31 “ “ n 
5.00 1.60 52.80 | 39.65 | 99.05 “ “ 0 
0.87 0.29 54.10 | 44.27 | 99.53 | 15-foot section. p 
0.29 0.25 54.12 | 44.79 | 99.45 | 11-foot section. q 
0.74 0.27 54.06 | 45.20 |100.27 | Used for lime. r 
0.35 0.43 55.65 | 42.29 | 98.72 ca 3 
0.42 0.28 56.41 | 41.98 | 99.09 t 
0.37 0.34 54.46 | 44.35 | 99.52 u 


& 
BARSES 
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Uses. Building stone, crushed stone, etc. A great deal of crushed 
stone and lime comes from the northern or main portion of this for- 
mation, and some very fine building stone, as well as lime, from its south- 
ern extension. The Greenfield quarries show the building stone at its 
best. 

The eastern border of the formation furnishes the most of the build- 
ing stone; this is probably the upper part of the formation. The western 
areas give principally the lower and middle phases of the formation. 
Some of the principal quarries opened on this formation are located at: 

Highland Station, Highland county—Lime and building stone. 

Greenfield, Highland county—Lime, building and crushed stone. 

Bellefontaine, Logan county—Crushed and building stone. 

Lima, Allen county—Crushed stone. : 

Delphos, Allen county—Crushed stone. 

Bluffton, Allen county—Crushed and building stone. 

Middlepoint, Van Wert county—Crushed stone. 

Waterville, Van Wert county—Crushed and building stone. 

Holland, Lucas county—Crushed stone. 

Sylvania, Lucas county—Crushed stone. 

Stony Ridge, Wood county—Lime. 

Sugar Ridge, Wood county—Lime. 

Portage, Wood county—Lime and crushed stone. 

Luckey, Wood county—Lime. 

Fremont, Sandusky county—Lime. 

Bellevue, Sandusky county—Lime. 

Rocky Ridge, Ottawa county—Lime. 

Genoa, Ottawa. county—Lime. 

Dunkirk, Hardin county—Crushed stone. 

Marseilles, Hardin county—Crushed stone. 

Lime. While most of the Waterlime will burn to a good lime, some 
of it is not of a desirable physical character for economic manufacture. 
The stone breaks up in such fine pieces in quarrying that, according to 
present practice in burning lime, it would have to be discarded for that 
purpose. The discarded part might be used for crushed stone, but there 
would still be the expense of selecting or sorting the stone for lime. 

A partial list of the points at which lime is being burned is given 
in the paragraph preceding. 

Cement. The formation is entirely out of the question in this re- 
lation, as its uniformly high magnesia is its most well-marked character- 
istic. Even for hydraulic lime, its use would be limited to occasional 
rare exposures when the stone carries an unusual amount of impurities 
in the shape of sand and clay. 


THE CORNIFEROUS OR DEVONIAN LIMESTONES. 


These limestones mark the summit of the great limestone beds of 
Ohio. Up to this time, marine strata had been predominantly cal- 
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careous. Even when the seas were troubled and muddy, shaly limestones 
or calcareous shales were deposited, and only in a few localities do we 
find sandstone or pure clay-shales occurring. The long period of magne- 
sian limestone deposition, represented by the Niagara and Monroe for- 
mations, was broken, or at least altered, in the Devonian period, and 
while limestones still were deposited for a time, they no longer were 
consistently or regularly magnesian, and in some places they became 
highly caleiferous. 

The Devonian limestones occupy a relatively small area in Ohio 
compared to all of the preceding groups except the Clinton. They form 
a broad band, ten to twenty-five miles wide, and one hundred and fifty 
miles long, through Pickaway, Franklin, Delaware, Marion, Crawford 
and Wyandot, Seneca, Sandusky and Erie counties, and the Lake Erie 
islands. They are missing on the Cincinnati axis, but on the other side 
of it they come in again, forming a crescent-shaped band, ten to twenty- 
five miles wide, running through Paulding, Henry; Wood, and Lucas 
counties. The total area exposed is not more than one-fourth or one- 
fifth of the area of the Niagara or Monroe. 


The group consists of two distinct and fairly well marked formations: 
the bottom or Columbus limestone, from sixty to one hundred and ten 
feet in thickness, and the Delaware limestone, about thirty feet in thick- 
ness. The two formations are both found in the same quarry in a num- 
ber of places, but not in the majority of exposures. 

The Columbus formation is a heavy-bedded, generally buff-colored 
limestone, crystalline in some layers, but generally giving an appearance 
of earthiness which a close inspection does not justify. It is not closely 
adherent to a type in composition. In nearly all localities it contains 
beds of low-magnesia high-caleium stone. In some places, as at Marble- 
head, these beds are the top of the formation; in others, as at Columbus, 
they are the bottom; chert or flint in nodules, or bands of nodules, is 
common in all parts of the formation. 

The Delaware formation is a well-bedded, but rather thin, blue 
stone, the lower layers of which are admirable for building purposes, and 
the upper layers of which are very thin and often shelly or shale-like. 
The formation is also wavering in composition, being sometimes magne- 
sian and sometimes not. 

Both formations are largely worked, and as they had not been ex- 
amined by previous writers with as much care as had been devoted to 
the Niagara and Lower Helderberg, they were given more attention in 
this instance: Also it was known that the formation shows phases which 
seemed promising for cement, and they were sampled frequently to see 
to what extent these phases occur. 

Chemical Composition.—The composition of the stone in eleven 
counties and from fifteen locations is given below in sixty analyses, of 
which twenty-three are new and made from carefully sampled sections. 
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Analyses of the 


Location of sample. 


Defiance Co., Defiance........ 


Franklin Co., Columbus ...... 


“ “ “ 


66 “ Mo 
Lucas Co., White 
ée “ 


“ “ “ “ 


Ottawa Co., Marblehead nen 


“c “ “ 


Sandusky Co., near Bellevue.. 


‘“ 6é “c “c 
éé éé éé éé 
Seneca Co., Bloomville....... 
‘“ ‘ és 
“ 66 ‘“c 
Wood Co., Weston........... 
“ 


an Station . 
ouse...... 
‘“t 


Thickness and relative position of stratum 
represen by this sample. 


From top, down 17 feet—Snyder Bros. quarry. 


From top, 5 feet 6 inches.................. 
Next 24 feet below sample 5.............. . 


on aap down 6 feet 6 inches—Taylor Bell 


QUAITY 2.00 cece eee eee ne ne 
Next 38 feet below sample 2 — Taylor Bell 

QUAITY 2... ccc cece ee eee eens 
From top, down 13 feet ................... 
From top, down 7 feet Fray qualry........ 
Next 7 feet below sample 22 
From top down 19 feet—Owens’ quarry..... 


Next 10 feet 6 inches below sample 9—Owens’ 


Two vo feet 6 inches below “Bottom Rock” . 

1 foot below sample 17.................5. 

3 feet below sample 18.................... 

From top, down 23 feet 9 inches—Bellevue 
Stone Co. ..... ccc eee ee cree eens 

N ext 3 feet below sample 14—Bellevue Stone 

Next 26 feet 6 inches below sample 15—Belle- 
vue Stone Co... ... ccc eee c cece eee e anes 


qua 
Next 16 feet below sample 10—France’ squarry 
Next 6 feet below sample 11 


From top, down 4 feet—Kline farm......... 
13 feet section— Pew Quarry............... 
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Corniferous or Devonian Limestones. 


(Peppel.) 


Remarks, 
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Serial number 
of samples. 





Constituents, 
i | 3 
a 5 26 
3 3 E 
B < cs 
11.86 1.58 trace 
3.02 0.95 0.25 
10.36 2.71 0.05 
30.06 3.08 0.10 
10.30 1.15 0.05 
2.30 0.70 trace 
1.54 0.48 trace 
1.24 0.69 0.05 
1.66 0.96 trace 
12.50 2.05 0.25 
2.32 0.90 trace 
3.42 1.02 trace 
5.64 0.56 trace 
42.02 0.70 trace 
2.06 0.64 trace 
5.24 0.96 trace 
8.72 1.27 0.15 
6.32 2.31 0.05 
2.96 0.41 0.15 
22.76 1.44 0.10 
4.38 1.90 trace 
3.16 0.68 trace 
3.76 0.62 trace 


1—8. G.—Bull 4 


Under the shale. Dela- 
ware (?). 

Gray, shelly stone. 

Blue, well bedded build- 
ing stone............ 


Shelly, flinty courses. 
Includes “Bone bed.” 


Massive Courses. 
Eridophyllum layer,down 
Delaware (?). 


Blue rock, building and 
crushing............. 


Cap rock for flux. 


Lime rock. 

Flinty, not used. 

Very flinty. 

Light color, even bedded. 


Correlated as probably 
the top of the Lucas lime- 
stone, but found in a 


Corniferous area. 


Gray stone. 

Hard, blue, flinty stone. 

Hard, blue, well-bedded 
stone. 

Shelly cap rock. 

Blue, bedded building 
stone. 


ao ad 


pub jun amd 
wos 


Eo aed 
oa 


a 
m= © 


DD = 
aD 


D 
> 
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Analyses of Limestones of this Formation, 





1, | 
: 3 Location of sample, Thickness m d relative po tion of stratum 
ts 
& ' 
a | Crawford Co., Spore.......... Average of 10 analyses, representing 24 feet 
of rock face.........ccceccceccec cence 
b “ “ en 1 analysis, probably from lower courses..... 
ce | Defiance Co., Defiance........| Bleininger, 1903, shale burnt for cement...... 
d | Delaware Co White Sulphur .| Chemist not known....................... 
e | Erie Co., Kelley’s Island... ... Cleveland Rolling Mill Co., 1884..... ...... 
f 66 Oe Lord, 1889, Calkin’s quarry bee cece eas 
B oo “ nn , “ Kelley’ S quarry. .............. 
a Le re e “ nennen 
jj] “ “  « nn “4 “ nen 
k | Franklin Co., Columbus ...... “1887, Average of 8 analyses........... 
l “ “ nenn “ “ Stratum called “Smooth Rock”... 
m “ “ Mn “ “  Lillie’s quarry................. 
n “6 “ en “ “ “ ern 
Oo ee “ “ ~..| Mees Smith and Price quarry......... 
p “ “6 nn “ or“ “ “ “ 6 deen eeees 
q “ “6 nn “ “ “ “ aan nnnn 
r | Marion Co., Marion .......... Lord, top of Columbus formation, Evans’ 
QUAITY .o Seen cc ete ences 
8 “ “ 6 eee eens Lord, Middle and Lower Columbus formation, 
Evans’ QUAITY. 0... cee ee eee 
t “ «“ Owens Station.... Lord, 1887, Owens quarry, top 3 feet......... 
u “ “ “ nn next 3 feet........ 
v 66 “ [4 “ on 6é “ cc‘ ‘és [gi 3 feet rn 
w 66 “ 66 [41 u ‘“ “c [X “« “« 2 feet 6 inches 
x “ce 66 ‘“ 66 on “c ‘“ éé ‘“c cs 4 feet cece eee 
y 66 6c ‘“c sé on “ 66 éé 66 “ 4 feet.... . 
zZ “ “ “ nn “ “ “ “ “3 feet 6 inches 
aa “ “ “ nn “ “ “ “ “ 2 feet 6 inches 
ab | Ottawa Co., Hartshorn....... Wormley, 1870, Hartshorn’s quarry......... 
ac “ “ ren Lord, 1887, Hartshorn’s quarry, cap rock, 8 
feet Ginchen.. nennen een 
ad “ “ 66 ranennn Lord, 1887, Hartshorn’s quarry, next 11 feet 
GOWN on eeeeeennnennee nee nennen 
ae “ “ 66 ewes Lord, 1887, Hartshorn’s quarry, next 5 feet 6 
inches dOWN.........200.- een 
af as “ 66 rrunen Lord, 1887, Hartshorn's quarry, lowest 5 feet, 
. just above Waterlime................... 
ag “ “ Marblehead...... Lord, 1887, Roessling’s quarry ............. 
“ “ Cr 6|{1ann ee ee 
. ‘ ‘ ‘ “ “ ’ 
ape ITE eae BUBB Gad Jobtpon's query 
ak “ “ ER “ “ Ohlemacher’s quarry ........... 
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Compiled From Various Sources 
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Constituents. 8 F 
é a] 3 g 8 5 | Total. Remarks. * ag 
§ | a. 3 ew. 8 
li | | ay 
a |: | & |8° : | | & 
1.87 0.37 87.81 9.50 | 99.55 | Thin bedded, blue. a 
8.92 3.99 56.04 | 27.82 | 96.77 | Thick beds, used for 
- building. b 
23.34 8.70 1.60 | 38.34 | 23.24 | 95.22 Carbonaceous matter, 
igh. c 
1.30 0.28 92.64 4.75 | 98.97 | Used for lime d 
1.81 0.75 87.50 9.75 | 99.81 | Flux stone. e 
1.60 0.40 71.17 | 26.82 | 9. Burnt for lime. f 
0.85 0.27 97.28 2.00 |100.40 | Blue cap rock; rejected. 
1.49 0.15 87.10 | 10.96 | 99.70 | Ordinary cap rock, flux. F 
1.05 0.20 89.16 9.48 | 99.89 | Bedded stone, building 
purposes. i 
1.65 0.14 77.22 | 20.19 | 99.20 | Burnt for lime. j 
4.25 0.26 94.19 1.29 | 99.99 k 
5.80 1.30 87.25 5.26 | 99.61 l 
4.90 0.09 89.60 4.41 {100.00 | From smooth rock, 8 
feet up. m 
4.95 0.46 90.77 3.26 | 99.44 | From smooth rock, 6 
feet down. n 
1.41 | 2.18 93.28 | 2.69 | 99.56 | From smooth rock, 6 
feet down. Oo 
1.94 1.08 81.14 | 16.00 {100.16 | Building stone,still lower. p 
Selected sample of best 
3.20 0.80 94.80 1.21 |100.01 stone. q 
3.50 0.50 79.01 | 16.85 | 99.86 | Average 3 analyses flux 
stone. r 
1.60 0.24 66.02 | 33.10 |100.96 | Used for lime. 8 
3.20 4.00 88.30 2.58 | 98.08 | Flux stone. t 
4.60 1.25 80.40 | 13.80 |100.05 u.“ u 
2.92 4.33 84.70 8.64 |100.59 co Vv 
1.35 6.01 92.00 0.56 | 99.92 co“ w 
1.57 3.05 85.55 | 10.39 [100.56 en x 
1.92 1.85 74.00 | 21.46 | 99.23 u. y 
2.20 1.97 66.15 | 27.97 | 98.29 | Limestone. Zz 
1.65 2.65 72.85 | 22.38 | 99.53 “ aa 
2.70 3.30 65.80 | 27.95 | 99.75 | Position in quarry un- 
known. ab 
1.00 0.37 89.20 9.64 |100.21 | Flux and pier stone. ac 
2.65 0.44 77.23 | 18.85 | 99.17 | “Bottom” rock, used for 
lime. ad 
6.48 0.45 64.52 | 28.83 |100.28 | Flinty courses; not used. ae 
3.85 0.65 57.98 | 35.57 | 98.05 | Not used. af 
1.50 | 0.22 84.51 | 13.31 | 99.54 | Cap rock. 
1.63 0.90 69.61 | 27.43 | 99.57 | Bottom rock. ab 
1.55 0.40 81.48 | 15.84 | 99.27 | Cap rock. ai 
1.77 | 0.06 73.61 | 24.26 | 99.70 | Bottom rock. aj 
1.51 0.33 89.08 8.34 | 99.26 | Cap rock. ak 
| 
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A study of this table reveals the fact that the different formations 
and different portions of the same formation do not retain for any large 
area a closely consistent character. Still there is a general similarity, 
which may become much more clear when the exact positions of the 
samples are definitely known. Judging so far as we can from the data 
available we may say: 

First: That the Delaware limestone is generally high in calcium 
carbonate, and low in magnesium carbonate, in its upper shelly layers, 
viz: 


Per cent. Per cent. 
CaCO, MgCO; 
Bloomville.......222: 222 oo cc 89 7 
Spore. ..... 0... eee eens 87 9 
Delaware............. 2. cc eee nennen 91 5 


It is also increasingly magnesian as we go down towards its bottom, 
though it does not become dolomitic, viz: 


Per cent Per cent. 
CaCO, MgCO, 
Bloomville...... 22222: oc cc 70 20 
Spore......00. ccc cece cece eee eee enenn 56 27 
Owens Station... 2.22: oc cn 64 20 
Delaware ........ cc core 69 17 


Second: The caprock or upper portion of the Columbus limestone, 
so widely used for furnace flux, seems fairly consistent whenever it is 
clearly identified. It is a fairly high-calcium stone, too high for the 
general taste when used as a lime, but not high enough for use as port- 
land cement, viz: 


Per cent. Per cent. 
CaCO; MeCO, 
Kelley’s Island.....................00.00000- 88 9 
Marblehead ............. 2 cc c onen 88 8 
Owens Station... ...2.:: zoo con 0c eee eee 88 8 
Columbus..............--.0ce cece cece eeneene 81 7 
Morgan Station............ 0.0.0. cece eee nee 89 10 


If error has been made in correlating the Bloomville and Spore 
quarries as the Delaware formation, they would also fit in well as the 
top of the Columbus, viz: 


Per cent. Per cent. 
CaCO, MgCO, 
Bloomville............... cece eee ee ee eee 89 7 
Spore. ..... 0... ee eee eee eee 87 9 


Third: The “bottom rock” of the Marblehead quarries which is 
widely used for limestone, and which is really the middle stratum of the 
formation at that place, shows a strong increase in magnesia, though not 
descending to the dolomitic ratio, viz: 


Per cent. Per cent. 
CaCO; MgCOs 
Kelley s Island 0.0... 0. cece eee eee eee ene 77-75 25-20 
Marblehead .......... ccc ccc cece rece eee scene 77 18 


Owens Station............c ccc cc cceeccccccucs 70 26 
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At Columbus, however, the magnesia has decreased very markedly, 
for we find the cross section of the bottom forty feet of the quarry show- 
ing: 

Per cent. Per cent. 


CaCO; MgCO: 
Columbus................0ccc cece cece ee ecuee 91 6 


Whether this correlation of the Columbus section be accepted, or 
not, the fact remains that the thickness of low-magnesia rocks has greatly 
increased there over any other locality of which we have record. 

Fourth: The composition of the extreme bottom portion of the 
Columbus formation, which is usually not exposed and which is not 
worked even where exposed, unless at Bellevue, seems to be increasingly 
magnesian, though still not reaching the dolomite ratio. We have, sure 
data but from one point, viz: . 

Per cent. Per cent. 


CaCO; MsCO, 
Marblehead, 10 feet above bottom............. 64 28 
5 feet, bottom stratum.. tececee. 97 35 


If, however, we accept the Bellevue section as belonging to the Cor- 
niferous, in whole or in part, its composition fits in well with what we 
know of it at Marblehead, viz: 


Per cent. Per cent. 
CaCO» MgCO; 
Bellevue, top sample............. 0c eee e ences 56 37 
ddle sample. ..................... 56 34 
e bottom sample.................0000: 63 27 


It seems incredible that the whole fifty-five feet of the Bellevue 
section can belong to the bottom stratum of the Corniferous. But it is 
just as incredible that it can belong to the Lucas limestone, the most 
constant and unfailing dolomite in the state. The disturbed nature of 
the ground here has been mentioned. [If it is merely glacial, as Winchell 
thought, it could not account for changes of composition. If it is an 
upheaval or crumpling of the strata as Mr. Peppel thought, there is no 
reason why this should produce any change in the ratio of the lime 
and magnesia. If it stands for disturbed conditions of deposition, it 
might very easily stand for change in composition, such as we find. 


The two formations, the Columbus and Delaware, show parallel 
conditions, viz: First: A top layer, more or less shelly in nature, and 
more or less highly calciferous, with magnesia below ten, and often below 
eight per cent. Second: A lower layer, more magnesian than the upper, 
but never reaching dolomitic proportions, usually about twenty per cent. 

The chemical evidence seems to indicate that in both the Columbus 
and the Delaware formations, the same influences were at work during 
deposition, and that these influences underwent the same progressive 
alteration from the beginning to the end of the period. 
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Uses. Building Stone. Both phases, the Columbus and the Del- 
aware, yield building stone on a large scale. The upper portion of both 
is apt to be shelly and unfit, but the middle and lower beds are very good. 
The Delaware stone in particular has a reputation for this purpose. 
The large centers for building stone are at Columbus, Delaware, Owens 
Station, Marion, Marblehead and Kelley’s Island. 

Pier Stone. Along the lakes, where docks, piers, breakwaters, etc., 
are built, a low grade building stone is obtained from the cap rocks. 
The irregularity of the bedding and thesmall pieces into which-it breaks 
are less objectionable than in other work, and once such a structure be- 
comes filled with mud and silt in its interstices, it is as solid and enduring 
as is needed. 

Ballast and Crushed Stone. There is a very large production of 
this sort from the Corniferous, first, because there are frequent flinty 
streaks which must be rejected for other purposes; second, the constantly 
increasing demand for crushed stone as a commodity. The large use of 
concrete.in construction is one cause of this. Hence, the waste which 
goes to the limekiln in many quarries goes to the crusher in these cases. 
Also, the use of building material in this form is growing very rapidly, 
and in many cases quarries are crushing rock which could and would 
have been sold as building stone in previous years. Among the crushed 
rock plants operating on the Corniferous, those at Columbus rank among 
the largest in the United States. Their output runs up into several train 
loads per day. Bloomville, Spore, Marion, Owens Station, and Marble- 
head are also large producers of crushed stone, and Marblehead has a very 
large grinding plant for making limestone ready for glass manufacture. 


Lime. Lime of hot, quick-slaking character is produced on a very 
large scale at Marblehead and Kelley’s Island and toa less extent at 
Marion, Owens Station, White Sulphur and a number of other points. 
For years, lime was burnt at Columbus, but the industry is of little im- 
portance today. The lime produced from the bulk of the Columbus 
formation at Columbus is even hotter and quicker. than the usual Cor- 
niferous lime and is at some disadvantage. Also the manufacture of 
mortar in Columbus and other cities is rapidly falling into the hands of 
large concerns who employ mechanical methods of slaking, mixing, aging 
and handling, and who naturally tend to purchase their lime from large 
dealers. This tends to discourage the production of lime in a small way 
by local kilns, and concentrates the trade in the hands of large plants 
who also employ advanced methods for cheapening their product. 

Flux. The quarrying of. limestone for fluxing iron ore in blast 
furnaces, and for the refining of steel in the basic open-hearth process, 
has become a large industry by itself. This trade is restricted largely 
to the Corniferous, in Ohio. The cap stone of the Columbus formation, 
carrying eighty-five to ninety per cent. carbonate of calcium, is the most 
approved horizon for this purpose, and little or none of the dolomite 
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limestone of the Niagara or Monroe is used for this purpose. Even the 
seventy to seventy-five per cent. stone of the middle Columbus formation 
is not desired. Iron smelters prefer the presence of five to ten per cent. 
of magnesia, but do not want large amounts. 

When selecting limestone for this purpose, another factor enters, 
i. e., the amount of phosphorus in the stone. Local limestones of great 
purity and containing ninety-four to ninety-six per cent. of carbonate 
of calcium are rejected at Ashland, Ky., and Ironton, Ohio, on account 
of the phosphorus, and Columbus stone is hauled down, a trip of one 
hundred to one hundred and ten miles, to replace it. The amount of 
phosphorus in the Corniferous is sometimes as low as 0.008’ per cent. 
The ‘‘Bone-bed,” a stratum some three to six inches in thickness, lying 
at the top of the formation or between the Columbus and Delaware for- 
mations, is crowded with fish teeth and bones, and samples of this stratum 
not infrequently contain several per cent. of phosphoric acid. The rigid 
exclusion of this stratum must be effected, if acceptable flux-stone is to 
be produced. 

Cement. The two formations, in their average exposures, do not 
give any hope of forming the basis of a portland cement industry. The 
magnesia, which is the critical feature in this connection, is seldom below | 
seven or eight per cent. and oftener about ten, in the beds which are 
nearest to the cement-making quality, while twenty to twenty-five per 
cent of magnesia is the rule elsewhere in the formation. In Columbus 
alone, of all the points studied on the horizon, are conditions more favor- 
able. 

But, at Columbus, while the latest evidence shows an abnormal thick- 
ening of the low magnesian beds, or a change in composition in beds which 
are elsewhere magnesian—in any case a thickness of thirty to forty feet 
of rock, averaging six per cent, or less, —and while numerous other 
samples lying at various positions in this formation have been taken, 
which show magnesia running down well within the approved portland 
cement ratios, the fact still remains that the locations seem of doubtful 
value for portland cement manufacture for the following reasons: 


First: There is a stripping of fourteen or fifteen feet of rock, which 
would have to be removed to uncover the cement stone. A cement 
company c uld not, by itself, afford to handle so large an amount of 
expensive dead material. Neither could it profitably market so large a 
quantity of one quality of stone—and an inferior quality at that—with- 
out having other stone to sell also. In short, the cement stone could 
only be obtained at reasonab e cost, if it was obtained from a large quarry, 
producing all kinds of stone and of which the cement stone would not 
be the largest single factor. This means that either one of the existing 
quarry companies or a new one of sufficient financial strength to force 
its wares into the market on a large scale would have to supply the 
cement material. 
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Second: The stone which shows six per cent. magnesium carbonate 
in thirty-eight feet of the bottom cross section is composed of some 
layers of much lower magnesia, and qthers much higher. This is proven 
by the quoted analyses by Professor Lord, k to g, Table V. This would 
mean therefore the acceptation of certain layers and the rejection of 
others in the forty feet of stone of average acceptability. This would 
mean extra expense in quarrying and, still more important, the constant 
danger of impure stone getting into the cement stone, through the igno- 
rance and indifference of quarry employes. The problem of keeping the 
magnesia uniformly and properly low would therefore be more severe 
than in any of the plants which have established themselves on a firm 
basis elsewhere in the country. This would be the case whether the 
quarry were operated as an adjunct to the cement business, by the cement 
company, or operated by an outside company merely intent on selling 
the stone on favorable terms. 

On the other hand, Columbus is well situated with reference to 
transportation facilities; it is accessible to coal of all sorts and qualities 
at low rates, as a vast coal traffic from southeastern Ohio, and West 
Virginia, passes through it; and lastly, while the difficulties and handicaps 
noted above are all real and important, they are by no means insuperable 
to a company which enters the business with a full appreciation of these 
difficulties and prepares to overcome them in the proper way. In short, 
the Corniferous of Columbus as a site for a portland cement industry 
is good enough to make success possible to a company managed with 
the highest grade of business and technical skill. With the kind of skill 
and experience which most newly organized companies bring to bear 
on their affairs, the outlook for success would be small. 


THE MAXVILLE LIMESTONE. 


This formation is the first break in the long series of clays, shales, 
sandstones and conglomerates which follow the last of the Devonian 
limestone beds. It is the precursor of a new type of limestones, very 
different from the heavy, solid beds of the earlier formations. The coal 
measure type, to which the Maxville belongs, is characteristically a thin 
stratum usually more highly colored than the older beds—blues, grays, 
buffs, even blacks are found, all of deeper tint than elsewhere. These 
thin bands, often only a foot or two, and very seldom exceeding ten 
feet, are of remarkable continuity. By them, chiefly, the stratigraphy 
of the coal measures has been worked out, for they are the most uniform 
and characteristic members of the formation. Coals are greatly subject 
to cut-outs, wants, faults, etc., but limestones, standing for a period of 
quiet marine invasion, generally are constant when everything else fluc- 
tuates. 

The Maxville, however, being the first of this new type of limestone 
to form, is not a fair example of the type to which it belongs, in the fact 
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that it is markedly discontinuous. It is apparently a basin deposit, 
formed here and there where the topography of the surface at that time 
caused lakes or lagoons to accumulate. These basins were probably not 
continuous, or in communication, witheach other. Atleast, the deposits 
show wide differences in composition and stratification in short dis- 
tances. An interesting fact is the occurrence, near Logan, of a conchoidal 
flint fireclay in basins, on apparently the same horizon as the Maxville 
stone. No point can be cited where the two are found together, but in 
one section the limestone is found at the top of the Logan formation, 
and overlain with the coal measure shales, and in another the fireclay is 
found occupying the same position with reference to the other strata. 
The conditions under which flint fireclay is formed are not well under- 
stood, but it is thought that at least the water in which it settled was 
very still and quiet, and possibly much covered with aquatic plants, 
whose life and decomposition was a potent factor in the purification 
of the clay to a degree beyond that of other clays of the same age. This 
basin structure agrees with the occurrence of the Maxville, but while 
one pond or lagoon might be fresh water and covered with plants, and 
accumulating pure clay, another not far distant might be salt or brack- 
ish water and collecting calcareous matter instead of clay. 

The same bed changes rapidly in composition also. For instance, 
at Fultonham, Muskingum county, the formation at the center of the 
largest known basin is a very pure and valuable high-calcium stone, 
while on the edges of the same basin, near Mt. Perry and three miles 
north on Kent’s run, the thickness has dwindled to one-third and the 
chemical character has been altogether readjusted, and the stratification 
also has changed. This is another point of similarity between the oc- 
currence of the Maxville and of flint fireclays; in the Missouri clay- 
pockets the deposit usually forms a large, roughly conical mass, lying 
inverted with its apex downward and its base on the surface. The 
apex is supposed to represent the deepest point of the pool in which the 
clay was collected. The center and interior portions of this inverted 
conical mass of clay is fine and pure while the margins and bottom 
become progressively more impure and sandy as the original shore- 
line is approached. 

The Maxville in Ohio is found above drainage level in but few 
localities. It is reported as regular and of great thickness in southeast- 
ern Ohio, where it is cut by the oil-driller in many holes, but it is cut off 
from present or prospective value by its depth under ground. The chief 
superficial deposit, and the only one where the formation has the least 
economic significance, is the field from which it takes its name, in Hock- 
ing, Perry, Muskingum and Licking counties. Its maximum extension 
is believed to be about thirty miles in length and from fifteen miles wide 
at its northern end down to four or six miles wide at its southern end. 
These limits would irlclude an area of about two hundred square miles. 


% 
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It is not believed, however, that the stone occupies more than a small 
part of this area. Deposits are actually known to exist in seven local- 
ities, of which four were accessible for sampling. On the other hand, 
the whole area has been industriously searched, and no other iecalities 
discovered. In the most of the territory, the formation should be under 
cover, but its outerop does not appear at very many places where it is 
stratigraphically due. 

The seven points above named are: 

Green township, Hocking county, on the Culver Smith farm. 

Between Winona and Webb Summit, on the Hocking Valley railroad. 

Near Maxville, Monday Creek township, Perry county. 

Reading township, Perry county, on the Poling farm. 

Near Glenford, in Hopewell township, Perry county. 

Near Brownsville and Gratiot, Bowling Green and Hopewell town- 
ships, Muskingum county. 

The Fultonham area, beginning near Mt. Perry, Madison township, 
Perry county, and extending southeast to a mile beyond White Cottage 
and northward to the southern edge of Hopewell township, Muskingum 
county, on the land of John Stein. 


Table No. VI.—Analyses of the Maxville Limestone 


a eS 





° 

$ 

3 8 Location of sample. - Description of sample. 

_5 

| 

0-51 | Hocking Co., Green Tp....... 11 feet thickness exposed. Culver Smith farm. 
Muskingum Co., Fultonham...} 12 feet, top of formation. Upper qu quarry 

0-61 « White Cottage 9 feet, top of formation. Towards Itonham 

0-60 “ “ Kents Run...| 15 feet, whole formation. John Stein’s farm... 

0-62 | Perry Co., Madison Tp........ 23 feet, whole formation. R.R.cut........ 

0-56 “Reading Tp.,Sec. 25| 10 feet 6inchesthick. Bottom of vein. 

0-57 cu“ “ ie 12 feet thick. Top of vein. 

0-53 “ “Monday Creek Tp.. 2 feet thick. Top of vein. 

0-52 ee “ «|| 2 feet 10 inches. Shale stratum . 

0-55 cu“ “ « «| Ainches. Limestone streak in shale.. , 

0-51 cu“ “ «| 5feet. Buff stratum. .................... 

0-54 [ee “ “« “| 4 feet 6 inches. White “hardpan” ......... 


eee ee —— 


Analysis of the Maxville Limestone 


a Hocking Co., Winona ee Top stratum of vein (N. W. Lord) een 
by, ee BE Bottom stratum “ “ “ .......... 
c Muskingum Co., White Cottage| J. H. Roberts’ quarry (Wormley): re 
d faxville. .... D. Hendricks’ farm (Lo 1) 
e A ES SEE BEE 3 BE 3 BE | BE 3 BE 
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This last area is the only one of much real promise. The others 
are generally magnesian, or thin. Description of each site can be con- 
sulted under the respective counties. The Fultonham area is about 
seven or eight miles in known length, by four miles in known breadth, 
making possibly fifteen or twenty square miles altogether, but its western 
and northern edges are known to be thin and magnesian, and the whole 
area known to be good is only some four miles long by one or two miles 
wide. 


Physical Character.—The physical character is most varied. No 
type can be recognized. In some places, a conchoidal variety like flint 
or flint fireclay is found; at others, a soft, porous, light stone. The 
commonest phase is a white or light buff color, earthy or conchoidal 
fracture, little crystallization, and good weight. Blue beds occur, how- 
ever. As a rule, the stone is not well bedded, but some phases are of 
proper thickness to work well. 


Chemical Character.— A similar diversity exists here. There is no 
recognizable type. The following analyses are all that could be obtained: 


Made for the Survey by S. V. Peppel. 





























z-) 
Constituents. he 
; 
. ; ; & 8 Remarks. 38 
a) 2] es | Rel he 5 
= 5 oe g 3 36 Total "a d 
< | 3:38 § 
8.16 2.42 2.80 | 77.45 9.40 | 100.23 | Several feet not e . 0-50 
2.80 1.16 .... | 92.80 2.13 | 98.89 | R. W. Nauss, analyst. Nauss 
3.04 1.54 0.40 | 92.92 1.21 99.11 1 
6.96 2.35 1.85 | 82.30 5.72 | 99.18 | Sec. 15, Tp. 18, R.1.....| 0-60 
9.88 2.98 2.02 | 69.76 | 14.71 | 99.35 | Section contains shales 
and iron ore also...... 0-62 
12.94 2.70 2.00 | 72.36 | 10.68 |100.68 | Blue, well bedded....... 0-56 
3.80 0.94 2.70 | 82.33 8.46 | 98.25 | Buff, shelly. 0-57 
16.34 1.70 1.00 | 80.35 0.68 |100.07 | D. Hendricks’ farm, 8.17 0-53 
43.86 | 17.87 2.01 31.15 4.31 99.20 “ «uy “ 0-52 
10.16 2.34 0.50 | 86.27 1.40 | 100.67 “ “ “ “ 0-55 
9.56 1.54 6.20 | 54.70 | 27.15 99.15 “ “ “ “ 0-51 
6.14 1.40 0.40 | 90.96 0.90 | 99.80 “ “ “ “ 0-54 
Compiled from Various Sources. 
| 
5.45 5.60 .... | 56.30 | 32.40 | 99.75 | Average of 3 analyses. a 
12.10 0.45 .... | 86.90 0.80 | 100.25 b 
15.76 4.40 .... | 49.80 | 30.15 | 99.55 c 
3.60 0.60 .... | 95.10 1.30 | 100.60 | Bottom, gray stratum. d 
3.75 | 7.16 57.86 | 30.78 | 99.66 | Top or buff stratum. e 
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These analyses, and the details of the sections which they represent, 
and which are given under the proper counties in Chapter III, show 
that in a number of cases it is possible to recognize a general division 
of the formation into an upper and lower zone. The latter is white or 
blue, the upper is yellow or iron stained. The former is sometimes very 
pure calcium carbonate. The latter is always magnesian. 

However, this division is only clearly shown at Maxville, at Poling’s, 
and at Mt. Perry. The divisions at John Stein’s and at Fultonham 
and White Cottage give no hint of the yellow magnesian layer, and at 
Logan only a feeble trace of it is found. ; 

The formation, interesting and suggestive as it is, really seems of 
comparatively little promise except at one point, Fultonham, where 
there appears to be a good body of pure stone. The possibilities of this 
have been already discussed in chapter III. 

The likelihood of other large and workable deposits of this formation 
being discovered by a more careful search is rather remote. That there 
are large areas concealed under ground in the territory marked out is not 
only probable—it is almost certain. But the location and working of 
this does not seem likely to be taken up while other larger and more 
available deposits are known. 


Uses. The stone has been used for building stone at White Cottage 
and Fultonham. It was quarried by T. B. Townsend for many years 
at these two places, and the stone used in Zanesville, chiefly. The same 
stone has been burnt for lime at both places. Both industries are now 
dead. It has been used as a furnace flux at Shawnee, Ohio, being ob- 
tained from Glenford and perhaps other nearby points. It has been 
used for road metal in the early days of Ohio road building. 

The manufacture of cement is the most probable use to which it 
will be put in the near future. The unusual depth and purity of the 
Fultonham bed, together with the good location and nearby available 
fuel, all combine to indicate that point as likely to be taken up for de- 
velopment. No other site in the formation seems promising.* 


THE MERCER LIMESTONES. 

The next limestones encountered in ascending the scale are the 
Mercer, Lower and Upper. These stones are usually thin; they are dark 
blue in color, frequently full of globular flint or chert, and very fossilif- 
erous. They are seldom magnesian, but would make a dark cement 
on account of the carbonate of iron which they usually carry. Ina few 
localities, these stones swell up to workable proportions. One of these 
is at a point about two miles southeast of Flint Ridge, in Licking county, 

* NoTE:—Since writing the foregoing, some points have been raised which render the olassifica- 
tion of the Fultonham stone as of Maxville age somewhat less certain thay it had been regarded 
previously. The question is one of interest to stratigraphical geologists, primarily. No abatement 
need be made in the statements regarding the quantity or character of this stone, but it is barely 


possible that as a result of the investigation which will now be given to it, that it may be found to 
wrongly named,’and that it may be Mercer in age, instead of Maxville. 
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where a twelve foot vein of favorable composition is visible, and could 

be easily quarried. Another at Somerset, Perry county, five feet thick, 

is of the same character. The composition of these stones shows, after 
careful sampling, as follows: 


Per cent. Per cent. 

Licking. Perry. 
Silica... 0... cece eee ence 44.54 31.70 
Alumina... .. 0... ee eee ee ees 6.78 2.91 
Ferric oxide...........: 2 0000 cc eee eee 2.20 1.55 
Carbonate of calcium.................... 43.18 61.75 
Carbonate of magnesium................. 1.09 0.83 
Totals... 0... eee ee eee eee 97.79 98.74 


These would make very desirable materials for mixture with purer 
limestone, as a means of introducing the necessary silica and alumina. 

In the southern part of the state, in Scioto county, on the edge of 
the territory of the Ferriferous limestones, the Mercer limestone under- 
goes a local thickening at Howard Furnace, making a promising material 
at that point, as shown by the following analysis: 


Per cent. 
Silica... eee ene ec ee eee eet ees 1.02 
Alumina ..... 0000 ccc cee ee eee eee n ees 0.62 
Ferric oxide ............ oo more 1.08 
Carbonate of calclum.................. een 94.85 
Carbonate of magnesium...................0 eee ees 0.91 

Totals 0... cece ee cee ee eee eee 98.48 


As a rule, however, the Mercer stones are too thin, and often too 
cherty, to be considered as a possible asset for the portland cement in- 
dustry. 


THE PUTNAM HILL LIMESTONE. 


The next is the Putnam Hill limestone; it is found chiefly in the 
central part of the coal measure area of the state, 1. e., it does not extend 
to the northeastern or southwestern extremities of the Ohio coal fields, 
but lies along their western border, chiefly in Stark, Tuscarawas, Holmes, 
Coshocton, Muskingum, Licking, Perry, Hocking and Vinton counties. 

It is very close, stratigraphically, to the Ferriferous limestone, a 
very important bed. The area occupied by the two does not overlap, 
so far as the knowledge of the writers extends. At the point where the 
Ferriferous is present, the Putnam Hill is not likely to be found, and 
vice versa. Both stones lie close below the Lower Kittanning or No. 5 
coal, but they are probably stratigraphically distinct. The works of 
the Diamond Portland Cement Company, at Middle Branch, Stark 
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county, Ohio, are supplied from an opening in the Putnam Hill limestone; 
which is there eight feet in thickness. The following is the composition 
of the stone: 


Per cents 
Silica... 0. ccc cc ccc ccc eee cece eect cence 4.12 
Alumina... . 2. ccc cc cc eect ccc te tetas eee 1.86 
Ferric oxide .......... cc ccc ccc cee ee eee ete e eee eee 1.20 
Carbonate calcium.............. 0c cc cece cc cece eee eee 91.16 
Carbonate magnesium ......------.- 2:22.22 02s eee eee 1.63 
Total... ooeceneeeeeeeeenen nennen eee nn 99.97 


Localities where this stone is of suitable composition are not rare, 
but no other locality can be cited where the stone assumes a thickness 
at all sufficient for any extensive cement industry. It is usually a dense 
gray limestone, from two to four feet in thickness, which could not profit- 
ably be stripped or mined. 


THE FERRIFEROUS LIMESTONE. 


The Ferriferous limestone was named, not because it is itself more 
than usually high in iron, but because it is the key or landmark by which 
a considerable vein of iron ore is located. The ore in question is an 
impure limonite or hydrated oxide on the weathered outcrop, but under 
the hill soon turns into a hard blue carbonate or a gray oolitic carbonate 
of iron, with but little limonite among it. The limestone was thus 
early identified with the mining of ore, and also furnished lime for 
smelting the ore when won. Hence the name. 

In stratigraphical position, the Ferriferous limestone belongs a 
short distance above the Putnam Hill limestone and from twenty to 
forty feet below the Lower Kittanning coal. This places it near the — 
bottom of the Allegheny formation. 

It occurs in two areas in Ohio. The northern, including Mahoning, 
Columbiana, Portage, Stark and Carroll counties, contains occasional 
patches of this stone. It is not the uniform and safe guide to strati- 
graphical position here, which it comes to be in the southern area. It 
is more of a basin deposit apparently, and though basins of considerable 
size may possibly be found, it has left comparatively little impression 
in this district, as a source of wealth. In only a few places is it well 
known; the most important of these is at Lowellville, Mahoning county, 
where it is the basis of a large industry for furnace flux and has been 
for many years past. Toward the southwest, the formation becomes more 
and more sparing in its exposures, and thinner, until in southwestern 
Stark county and northeastern Tuscarawas county it disappears, and 
the Putnam Hill limestone comes in on nearly the same horizon, but 
stratigraphically distinct. 

The southern area, which is the important one, begins in Vinton 
county on the north, and runs south through Jackson, Gallia, Lawrence 
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and Scioto counties, passing over into Kentucky. It is strictly a border 
or marginal deposit, occurring in a band about six or eight miles wide 
from its first exposures on the hill tops in the west, until it disappears 
under drainage level on the east. Undoubtedly it may be confidently 
expected in drill holes and shafts for a short distance east of its drainage 
level, but its presence under drainage level is not yet a matter of economic 
significance, as it probably could not now be worked at a profit from 
deep shafts. 

The total area covered by the formation in the Ohio part of this 
southern deposit is probably about 400 square miles. 


' * The thickness of the stone varies from four feet or less on the extreme 
western and northern outcrops to six as the average over the field as a 
whole, and eight or possibly even ten feet in limited portions of the 
central and southeastern part of the above area. Its roof material is 
iron ore, a few inches in thickness. This is usually overlain by fifteen 
to twenty feet of a soft yellow shale. This material makes easy strip- 
ping, but very difficult mining, as it is too weak to stand well as a roof, 
especially in view of the heavy blasting required to dislodge the lime- 
stone. Occasionally, the shale cuts out and is replaced by a heavy 
sandstone ledge. This makes stripping commercially impossible, and 
mining easy and safe. Hence, the nature of the overlying roof material 
profoundly influences the method of working; in fact, practically con- 
trols it. 

For this reason, all areas of the Ferriferous limestone where the 
sand-rock roof is known to occur will be indicated, as these areas are 
the ones in which the largest plants could reasonably expect to get their 
stone supply . ‘with regularity. This question will be taken up in detail 
later on. 

The areas where the formation is known to occur, with such facts 
as have been collected as to its thickness, the nature of its roof, and 
location for mining or stripping, are given in the succeeding lists: 


LAWRENCE COUNTY. 


The limestone is not found above drainage in the eastern townships 
of the county, including Rome, Union, Windsor, Mason, Fayette, Perry, 
Lawrence, Aid and Symmes. It is shortly below the surface of the 
valleys along the western edges of Perry and Lawrence townships, 
and may possibly be above drainage in very limited areas in northwest- 
- ern Perry, and in sections 6 and 7 of Lawrence township. No limestone 
workings in these areas are known to the writer. 


Upper Township.—Section 31—Good, rock-roof limestone; quarried 
for furnace flux, in California Hollow. 


Section 30—Bottom land; little or no limestone. 
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Section 


Section 


Section 
Section 
Section 


Section 


Section 
Section 
Section 
Section 


Section 
Section 
Section 


Section 
Section 


Section 
Section 
Section 


Section 
Section 


Hamilton Township, 
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25—Good rock-roof limestone; quarried in California Hollow, on 
south side of Ice creek. 

26—Bottom land mostly; a patch of good stone occurs in the 
northwestern quarter. 

27—City of Ironton; bottom land. 

23—No limestone known to occur. 

22—A small area of rock-roof limestone on the Stewart tract, 
on the northern edge of the section. 

21—City of Ironton; cement plant located in this area, obtain- 
ing limestone from mine. 

20—Bottom lands; no limestone. 

13—No report. 

14—No rock-roof limestone known in this section. 

15—Probably some rock-roof stone occurs in the southern por- 
tion. Valley of Storm creek cuts out stone in the northern 
portion. 

16 and 17—No report. 

12—No report. 

11—Valleys do not cut down to level of limestone. 
known of its condition or thickness. 

10—No report. 

g—A want is encountered in this section. The Kittanning 
coal is present, but the limestone and iron ore are nowhere 
found. 

I—No report. 

2—Contains rock-roof limestone in the northern half. 

3—A fault or ‘‘want’”’ cuts out the limestone in most of this 
township. Occurs only in occasional patches. 

4—Similar conditions to those of sections 3 and 9. 

5—No limestone. 


Nothing 





This is mostly lower-lying land. and in buta 


small area in sections 1, 2 and 3 is the limestone stratigraphically due. 
It is probably absent, however, as all the stone for the Hanging Rock 
furnace has been obtained at more distant points. 


Elizabeth Township.—Range 18. Section 36—No report. 


Section 


Section 


Lime- 
stone probably under drainage. 

35—A good area of rock-roof stone in the township. The 
Kelley ore diggings have exposed the facts. 

34—No report. 


Section 33—No report. 


Section 


32-31—There is only a little limestone in this area, and what 
occurs has a shale roof and can only be won by stripping. 


Section 30—The limestone becomes more regular here, but has no sand- 


stone roof. 


Section 
Section 
Section 


Section 


Section 
Section 
Section 
Section 


Section 
Section 


Section 
Section 
Section 
Section 


Section 
Section 


Section 
Section 
Section 


Section 


Section 
Section 


Section 
Section 


Section 


Section. 


Section 


Section 
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29—Same as 30. 
28—No report, probably like 30. 
27—The limestone in the northeast quarter of this section is 
good, with rock-roof. 
26—A good patch of rock-roof stone in the northwest corner. 
Otherwise, the stone has shale roof or is wanting. 
25—No report; probably under cover. 
24—No report; probably under cover. 
23—No rock-roof stone. 
22—A small area in the southeast quarter, not extending as far 
as Etna furnace. 
21—No rock-roof stone. 
20—One small patch of rock-roof stone. The stone is every- 
where constant and good, but roof is mostly shale. 
19—No report. 
18—No report 
17—No report. 
16—The limestone occurs along Cannons creek, with good rock- 
roof throughout. 
15—A fine body of rock-roof stone. 
14—A fine body of stone, but goes under drainage at the north 
line of the section. 
13—No report; under drainage level. 
12—Mostly under drainage level. 
ıı—Has a good rock-roof wherever the limestone is above 
drainage. 
ro—Fine body of rock-roof stone. 
g—Fine body of rock-roof stone. 
8 and 7—No report. Stone is present, but character of roof 
not known. 
6—No report. 
5—Fine rock-roof limestone. Burke’s mine located in this 
section is a most successful and well-managed one. 
4—Fine rock-roof, except where valley cuts out the limestone 
altogether. 


3—A small body of rock-roof stone in the southeast quarter. 


Valley cuts out limestone in most of this area. 
2—Only a little rock-roof stone in the southwest quarter. The 
roof on the balance is a weak shale. 


ı—No report; mostly under drainage. 


Elizabeth Township.—Range 19. Sections 21-22—Very little lim 


stone, in scattered areas. Shale roof only. 


| 


Sections 18-17—No report. 


12-8. G.—Bull. 4 
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Sections 16-10-9-1—The limestone formation is well above drainage in 
this territory, and is undoubtedly present to some extent. 
Usually more steady to the northwards. 

Sections 15-11-8-2—This ground is largely cut out by the valley of Pine 
creek. Limestone areas are near the hill tops, and cannot 
be large. 

Sections 13-12-7-3—Limestone confined to hill tops and cannot be im- 
portant in area. 


Decatur Township,—Section 36—Under cover entirely. 

Section 35—Under cover almost everywhere. Shale roof, when visible. 

Sections 34-33-32-26-27-28-23-22—Comprising the Mount Vernon fur- 
nace property, is said to show the shale-roof exclusively. 
The stone is generally present.‘ 

Sections 30—31-20-19—No report. 

Sections 25-24-1—Limestone under drainage. 

Sections 13-14-15-16-17-18-7-8-9-10-11-2-3-4-5-6, and Range 18 of 
Bloom township of Sctoto coun:y, are all good limestone 
territory. The rock-roof is largely absent, but the coal 
under the limestone comes in as a counter advantage. The 
coal is very thick, six feet occasionally, in the vicinity of 
Olive furnace. The limestone is generally above drainage 
in this area, and is getting near the hill tops in the western 
side. In section 7, the limestone has a thickness of eight 
feet, with sixty-two inches of coal underneath. This stone 
lies here about one hundred feet below the hill top and 
therefore has considerable area. The roof is shale. 


Washington Township, — Section 36—The limestone lies very low in 
the valley and in most of the township is not accessible to 
drift-mining operations. 

Section 35—Contains a good body of stone, which may be reached above 
the drainage level along the deeper valleys. 

Section 34—The stone is well above drainage in this township, and is 
from six to eight feet thick, with coal of good thickness 
underneath. Both have been worked. The limestone is 
covered with shale; no rock-roof is reported here, unless on 
the northern edge of the township. 

Section 33—The stone is above drainage in this section. No workings 
of importance were seen. The easily accessible points to 
get limestone near to Olive furnace have resulted in small 
diggings in both sections 33 and 34. 

Section 25—Limestone under cover, and said to be wanting. 

Section 26—No report. 

Section 27-28-22-21 and Section 20, Range 18, Bloom township, Scioto 
county adjoining. This area is largely covered with a fine 
bed of rock-roof limestone. There is about 2,000 acres in 
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this tract. The ore diggings of Bloom furnace were largely 
in this area. The rock-roof was as great a drawback to 
them as it promises to be an advantage to the future users 
of limestone in this vicinity. The old ore diggers used to 
make their excavations on the sandstone above the ore, 
rather than in the hard limestone beneath the ore, as it 
was easier to work. : They used the lowest excavations in 
which men could work, literally crawling into the openings, 
except on the entries or hauling routes. 

Section 23—Limestone present, but without the rock-roof. Coal has 
been opened under the limestone at several points. 

Section 24-13—Limestone deeply covered if present at all. Said to be 
wanting in this area. 

Section 14—Limestone deeply covered in most of area. No rock-roof 
reported. 

Sections 15-16—Limestone in good situation for working. No data as 
to thickness or roof. 

Sections I-2-3-4-9-10-II—All well situated for working the limestone, 
which is here approaching the upper parts of the hills. The 
stone has been worked in section 2, around an old blast- 
furnace, for flux. The roof is shale. 

Section 12—The stone lies rather deeper here, and is not far above 
drainage in the valleys. | 


SCIOTO COUNTY. 


Scioto county lies on the extreme western edge of the limestone 
area. At two points, workings have been made— at Howard furnace, sec- 
tion 12, Vernon township, and at Eifort Station, section 5, Range 18, 
Bloom township. The Howard workings are not known to be Ferrifer- 
ous, and are probably Mercer in age. The Eifort quarry is typical of 
the Ferriferous, and is an important place as offering an illustration of 
what may be done with this formation in the large areas of hill-top oc- 
currences where the roof is composed of weak, weathered shales. 

It is certain that hill-top areas of limestone will be found in the 
two eastern tiers of sections of Bloom township, and the two eastern 
tiers of sections of Vernon township, though there is less of it towards 
the southern portion of the area indicated. The Eifort quarry shows 


the following section: 
Feet. Inches. 


1. Hill-top. Decomposed shale soil............ 25 0 

2. Lower Kittanning coal, not open............ 3 09 
3. Fire clay, light colored..................... 8 

4. Buff shale, with iron ore kidneys............ 25 0 

5. Iron ore... 0... ee ccc ce eee nec neeaee 0 6 

6. Ferriferous limestone’.................02005 7-10 0 

7. “Draw Slate” ....... cc ccc cece eens 0 3 

8. Clarion coal, with two partings.............. 3 to 4 0 

9. Fire clay, light colored...................6. 4to 6 0 
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The products of the works include coal, iron ore, limestone, shale, 
and fireclay. In fact, every mineral stratum opened is marketed in 
greater or less degree. 

GALLIA COUNTY. 

The Ferriferous limestone lies below drainage level in this county in 
allexcept Greenfield, the extreme western township, and possibly the ex- 
treme western edges of Raccoon and Huntington. In Greenfield town- 
ship, the stone appears above the valley level only in sections 21, 16, 15, 
10,11,9,8,7,17 and 18. The stone is reported as wanting from about 
section 21 to section 36 Washington township, of Lawrence county, a 
distance of 5 or 6 miles. The best limestone territory in the county is 
undoubtedly opened in the northwestern sections. 

There is a quarry opened by Mr. Isaac Hall at Gallia funace under 
the name of the Gallia Lime Company. The stone here measures six 
to seven feet in thickness and is of good quality. The quarry is not in 
operation. Seven thousand tons were taken out in 1900, and this was used 
chiefly as a furnace flux. The roof is of shale. This quarry is only 
about twenty feet above the valley of the head waters of Symmes creek 
at Gallia furnace. North, between Gallia and Kitchen Station, of Jack- 
son county, the limestone is said to be wanting, but it probably merely 
happens not to outcrop, and would be found if looked for. 


JACKSON COUNTY. 


The Ferriferous limestone is found in the townships of Jefferson, 
Madison, Bloomfield, Franklin, Lick and Milton, all of which are in the 
eastern half of the county. 


Jefferson Township.—The limestone occurs in sections 36, 35, 34, 33, 
32, 31, 25, 26, 27, 28, 29, 24, 23, 22,21, 13,14,12,11 and 1. In all of this 
territory it is in isolated hill-top areas, which become smaller and more 
worthless as we progress to the northwest. The heaviest stone-roof 
area is probably that in the vicinity of Washington furnace in section 36. 
No quarries of importance are located in this township. The roof is gen- 
erally shale, so far as is known, and being close to the top of the hills, it 
is too weak to stand undermining. 


Franklin Township.—The limestone maintains the same character 
here as in Jefferson township, viz., hill-top areas of small size and not 
favorably situated for mining. Much stone could be secured by strip- 
ping, around the outcrop, but this kind of winning makes a precarious 
supply, and in bad weather, dirty, clayey stone as well. The following 
sections are the ones in which to expect the stone to be present: Nos. 36, 
35, 25, 26, 24, 13, 12, 1 and 2. 


Lick Township.—The same facts as above apply also to sections 
36, 35, 25 and 24 of Lick township. 
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Madison Township. —Practically the entire area of Madison town- 
ship is limestone territory. The seam lies fairly well towards the top of 
the hills along the western tier of the sections, but as the hills generally 
show a little No. 6 coal on the top, the area of limestone must amount to 
substantially one-third of the whole surface. Inthe second tier of town- 
ships, viz., 5, 32, 29, 20, 17, 8 and 5 (north) there is some limestone, 
though the railroad cutting through here from north to south follows a de- 
pression or wide valley in which the stone is cut out. In the townships 
east of this tier, practically all of the territory is limestone country, as 
the valleys do not cut out large areas of it. In fact, the valleys are 
probably well above it, on the southeastern and eastern tier. 


The stone is opened at Kitchen Station, section 32, where it presents 
a silicious phase six to seven feet thick. Its cover is soft shale of a yel- 
low color. It is stripped only; the shale roof would not permit 
economic mining. 


Bloomfield Township.—The situation in this township is about the 
same as in Madison township, just below it. The southeastern corner 
is well under cover, but the valleys of Raccoon creek on the eastern edge of 
the township and Dicksons run in the center and west, cut down below 
the level of the limestone, and thus render it accessible to mining oper- 
ations. It is opened in section 32 in Limestone furnace, where it meas- 
ures six feet. At this point, it is fairly near the hill tops and the area 
is not large. The roof is uniformly shale in this section. 


Milton Township.—Milton township is largely covered with the 
limestone formation over most of its area. In section 8, near Wellston, 
and at Berlin Cross Roads, the formation is near the hill tops and of 
little commercial importance. A quarry was put in in section 23, a 
mile or so southeast of Berlin, a few years ago, but the stone was won 
by stripping and benching, there being insufficient cover for mining. 
On the other side of the township, the limestone is still above drainage, 
though close to the valley level, in section 36 (south), 13, and 36 (north): 

In section 36 (south) near Buckeye furnace, the stone is thinner, 
four to six feet, and not promising. In section 13, the lime was six to 
eight feet thick, with considerable chert bands. In section 24, the 
Riverton mines, now abandoned, worked the Clarion coal under the 
limestone stratum. The stone was not seen. 

In section 36 (north) at Cornelia furnace, the limestone is eight 
feet thick and fairly free from flint. It is being quarried largely for 
cement manufacture. There are places in the quarry, however, which 
have been abandoned on account of the flint. The works are all strip- 
pings, though ample cover for mining exists. The roof strata are shale. 
In section 36, a mile further east, the limestone is beneath the valley 
level and is cut, eight feet thick, in the shaft of the Hanging Rock coal 
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mine. Twenty-four to twenty-eight inches of draw slate separate the 
coal from the limestone. The cover material at this point is a streaked 
shaly sandstone, about twenty feet thick. 

There is no doubt but the area of available stone in this township 
is large. 

VINTON COUNTY. 

The limestone is found in Wilkesville, Vinton, Clinton, Madison 

and Elk townships. 


Wilkesville Township.—The formation is under deep cover at all 
points in this township except along the deep valley of Raccoon creek. 
It crops out at various points along this valley, and the underlying 
coal is mined at Minerton and Hawks Station. The limestone at those 
points is not very regular, it is from four to six and one half feet at 
Minerton, but is often cut out entirely. At Keck’s mine, Hawks Station, 
the roof is largely sandstone, the limestone having failed locally. It 
is said that the stone shows up well near by, but it does not at the mouth 
of the mine, nor in the nearby railroad cuts. 


Vinton Township.—The situation in Vinton township is about the 
same as in Wilkesville township. The valley of Raccoon creek cuts 
deep enough to expose the limestone as does the small branch running 
up past Oreton. The formation is mainly below drainage, and nothing 
is known of its extent or character. At Oreton, section 34, the lime- 
stone forms the roof of the coal mines. It is thinner and less valuable 
than at the Hanging Rock mine, due south two miles, and the sand- 
stone has here been increased in prominence. This location has been 
seriously considered by experienced cement makers as the site for a 
plant, chiefly on the prospects of being able to extract all the stone, 
owing to its heavy sandstone cover. 





Clinton Township.—The formation is present in the southeastern 
portion of this township. The nature or thickness of the deposit is 
not known. 


Madison Township.— The formation is present in western Madison 
township. At Zaleski, it formed the roof of the mines which were 
worked there some years ago. In general, it may be said, of the lime- 
stone in Madison and Elk townships, and the few outlying points north 
of these, where the stone had been found, that the stone is thinner and 
oftener cut out or wanting and that this northern extension of the field 
has little prospects of being an important asset to its owners. 


THE WINNING OF THE FERRIFEROUS LIMESTONE AND ITS ECONOMIC VALUE. 


There are two well-defined methods of winning this formation, 
benching and mining. | 
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Benching.—Benching or stripping is limited to the outcrops, re- 
moving the superincumbent earth and shale with plow and scraper, 
or wheelbarrow and shovel, followed by the quarrying of the stone by 
blasting. The iron ore which lies immediately on the stone and the 
coal which lies under it can be sold also, and helps to defray the cost 
of stripping. This method has some advantages. 

First: All of the stone is available, when once the covering is 
removed. If any part of it must be rejected, it is from defects of com- 
position and not from the exigencies of quarrying. 

Second: The work of stripping is in the open air, and in good 
weather a man’s time is more efficiently employed in the open air and 
sunlight, than in a mine. 

Third: The drilling and blasting of the stone is of the easiest, 
where it can be approached from above. 

It will occur to anyone, that as one goes in on the outcrop of a hor- 
izontal formation on a hillside, that the stripping will become heavier 
and heavier, as the hill rises. 

Thus at the line A-B in the accompanying sketch, the depth of 
the stripping at the face of the cut is indicated at 15 feet, while by 
going back 10 feet further into the hill to the line C-D the yield of lime- 
stone will be increased by a prism of 80 square feet cross section, while 
the stripping will be increased by a prism of earth 50 square feet in 
cross section in addition\to that which had to be removed previously. 
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Figure 4.—Showing ideal structure of hill, and conditions governing the bench 
winning of limestone. 


It is evident therefore, that there is an easily reached limit to the 
depth to which stripping can be profitably carried. Just what the limit 
is will depend: First: The thickness of the mineral stratum sought. 
Second: Its value per ton. Third: The nature of the superincumbent 
earth or stone to be removed. Fourth: The distance to which the waste 
earth must be carried before dumping. Fifth: Method of digging em- 


184 GEOLOGICAL SURVEY OF OHIO. 


ployed, whether by pick and shovel, plow and scraper, steam shovel or 
hydraulic stripping. The following conditions are typical of the lime- 
stone district of Lawrence and Jackson counties: 


First: Thickness of limestone stratum, 8 feet 0 inches. 

Second: Value per ton, $0.40. - 

Third Superincumbent earth. Shale, generally soft and weathered. 

Fourth: Dumping ground. Immediately adjacent and down hill. 

Fifth: Pick and shovel and wheelbarrow excavation. 

Stxth: Iron ore, six inches thick, worth in the raw state about $1.00 per ton, is 
obtained. 

Seventh: Coal three feet to three feet and six inches thick immediately underlies 
the limestone, and can be removed with the minimum trouble when the stone is gone. 


Operating under these conditions, the customary depth to which 
a stripping is carried before being abandoned as unprofitable is from 
fifteen to twenty feet. It must be understood that where the max- 
imum cut is fifteen feet, the average or mean cut is only one-half this 
amount, or 7.5 feet, as the excavation is a right triangle in section, 
whose area is one-half of the parallelogram composed by its base and 
altitude. 


Without doubt, by use of hydraulic methods where abundant 
water supply is available, or by steam shovel where enough water can- 
not be obtained, a very considerably increased depth of cut could be 
obtained. The advantage from the use of better methods of excavation 
would probably come from the larger yield of stone in a given tract, 
rather than in lowering the cost of excavation per ton, for the tempta- 
tion to cut deeper into the hillside and thus turn out a larger yield from 
the same working face would be well-nigh irresistible. Inasmuch as 
the stripping or benching method is based upon the idea of following the 
margin of the hills at the level at which the stone outcrops, and makes 
no serious effort to attack the great body of the stone, which is too deeply 
covered to be accessible except by mining, it follows that this method 
is a wasteful or extravagant one, and that to secure a steady and large 
supply involves workings extended over long stretches of hillside. This 
means the necessity of large real estate holdings, for the benching of 
limestone cuts up a country very rapidly, and renders it less valuable 
for other purposes. It also means heavy transportation costs, for after 
the stone is quarried it must be hauled back from the workings to the 
railroad or assembling point. All these considerations indicate that 
reduction of the cost of excavation per cubic yard would not probably 
reduce the cost of stone per ton, except indirectly, by reducing trans- 
portation costs and increasing the yield per acre, and thus reducing the 
value of the real estate ruined, which should be assessed as a part of 
the cost of the output. 
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In some localities, stripping of a maximum depth of twenty-five feet 
has been made by hand method, to win an eight-foot stone stratum 
which only sells at forty cents per ton on the railroad car. It is difficult 
to see how this would be done without loss. 


Besides these considerations, there are some others which react 
unfavorably on this method of winning. : 


First: The unavoidable fluctuation in the quantity of the output 
owing to the interruptions of bad weather. It is practically impossible 
to win stone in open cut workings in snowy or muddy weather, and, 
in fact, it can only be done at a profit when the weather is at its best. 

Second: The constant tendency to spoil the stone by allowing it 
to come in contact with wet, sticky clay and mud. This increases the 
silica a little, but the alumina more in proportion, and hence tends to 
make the stone less suited for portland cement mixing. 





Mining.—The method of winning the stone by underground mining 
is much preferable to stripping and benching in most of the territory 
covered by the Ferriferous limestone. In the first place, it systematic- 
ally undertakes to exhaust a given area as it goes. It does not obtain 
all the stone in the territory worked over—far from it. It would be con- 
sidered good mining, if it brought out two-thirds of the stratum, leaving 
one-third in the hill for room and entry-pillars. But, even at this 
fixed rate of loss, it progressively works out the stone acre by acre. It 
yields a large output from a relatively small acreage, and dödes not 
necessarily depreciate the surface value of the land, or make it unfit 
for other uses. 


Second: It affords a large output daily with little or no regard 
to weather. All of the hauling is in underground galleries, protected 
from rain or snow and usually in tram cars, instead of wagons. 


Third: The stone can be kept cleaner than outside, as the roof 
and floor materials are seldom actually muddy and often dry and dusty. 
This is liable to make a difference of a per cent. or two of alumina in 
the cement, an item of no small importance. 


On the other hand, the lowest price at which mining can be done 
is higher than that at which many thousands of tons can be obtained in 
bench strippings. The price at which the stone generally sells is such 
that mining is possible with a small margin for profit, while stripping 
can be carried back till the cut is about twenty feet deep. 


The two processes, however, are not necessarily antagonistic. The 
mines cannot work cheaply or safely close to the outcrop. The roof 
strata usually are weak or rotten close to the outcrop, and make it ex- 
pensive to support them, and dangerous as well, while underneath a 
good cover of fifty feet or more the rocks are hard and unaffected by 
water and air, and stand up well. The stripping on the other hand 
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cannot work except where the stone is covered with but a shallow layer. 
Both methods may be applied to the same tract of land, and the total 
yield much increased thereby. 

The Morgan and Horton quarry at Eifort, Scioto county, offers an 
excellent illustration of the simultaneous use of the two processes. 
Open cuts or benches have girdled the hills for a length of a mile or more, 
while one or more entries have been driven in at favorable points to win 
the stone lying too deep to strip. This firm has had an excellent oppor- 
tunity to judge of the relative cost of the two methods. The comparison 
is made, however, between hand quarrying methods outside, with steam 
drills inside. 

They find that where the earth to be removed exceeds ten feet, it 
pays better to mine an eight foot stone stratum, even where they leave 
a considerable part of the stone to support a very weak, treacherous 
roof. A former owner had girdled the hills with open cuts twenty feet 
or even twenty-five feet in depth, but Messrs. Morgan and Horton 
condemn this as entirely beyond the profitable limit, and state that 
mining is able to save money over stripping under these conditions. 
The mining operations at this point are interesting as pointing out the 
method which will apply to a very considerable part of the Ferriferous 
limestone areas. The roof is a soft yellow shale, which is strong enough 
for cover if it is deep in the hill and entirely unaffected by weather, 
but in points where the hill only rises fifty feet or so above the lime- 
stone, the shale makes a weak and treacherous roof. At Eifort, they 
dare not trust it at all, and accordingly, in the area covered by each 
room or entry, they mine out above seventy to seventy-five per cent. 
of the bottom part of the stone, leaving twenty-five to thirty per cent. 
of the upper part standing for a roof. The strong, dense limestone 
two feet or thirty inches thick makes a trustworthy support, and rooms 
can be worked without using scarcely a post, while if the limestone 
were all blasted down, the weak shale, still further weakened by the 
blasting, would require abundant and expensive mine timbers. 


The stone happens at this point to be somewhat laminated, which 
makes it easy to break down the lower part, while leaving the upper 
stratum, but this condition does not generally hold good. The loss of 
the upper stratum in the rooms also reduces the yield of the stone per 
acre, to just about fifty per cent. of the total contents of the vein. Even 
under these conditions, the stone can be produced in large amounts at 
forty cents per ton on the car at a profit. 

The method of working is shown in the following cut. First the 
coal is mined out for six feet back of the face of the limestone. This 
coal is not of high quality, but is easily marketable. In fact, it is mined 
in numerous places where the limestone is not taken down at all. When 
the coal is removed, the limestone is drilled by steam drills and blasted. 
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The under cut allows it to blast down easily. The stone is then sledged 
to sizes which can be lifted by men, loaded and sent out. A small 
locomotive does the outside hauling and mules gather the cars inside. 
The coal and limestone are loaded at the same hoppers, through parallel 
chutes, into railroad cars. 
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Figure 5.—Showing sections of Ferriferous limestone at Eifort, Scioto county, and 
method of working. 


The nature of the roof is thus seen to be a matter of the very greatest 
importance. In areas where the shale is replaced by a heavy sandstone 
ledge, the full thickness of the limestone is blasted down fearlessly, in- 
creasing the yield from fifty per cent. up to sixty-six or seventy per 
cent. of the formation. Further, the rooms may be widened somewhat 
or the pillars decreased, so that the percentage may be still further 
increased to seventy or seventy-five. The following section was ob- 
tained at Burke’s mine, Steece P. O., Lawrence county. 

The following facts were obtained as to the conditions of mining 
at this point. The rooms are driven fifty to fifty-five feet wide, without 
posts. The shale and the little coal streak are ‘‘bunkered” out from 
under the stone to a depth of six or even eight feet. This is done pri- 
marily by blasting, but the miner has considerable picking to do to get 
the excavation cleaned out well. Three men are employed at this 
work alone. Black powder is used. The shale and dirty coal is thrown 
back in windrows on either side of the center track in each room, making 
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mounds two to four feet high. It is kept carefully away from the 
pillars on either side so as to avoid rehandling, in case it may be decided 
to try to draw some pillars, when the mine is worked out further. 
The stone, being under cut, is now ready to be drilled and shot. 
Five or six holes are made across the face of the room. These holes are 
put in by hand drill and sledge at a cost of twenty cents per foot. Six 
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Figure 6.—Showing section of Ferriferous limestone at Burke’s mine, at Steece . 
P. O., Lawrence county, Ohio. 


men are employed at this part of the work constantly. The holes 
start about the center of the vein and go upwards until at a depth of 
six feet they are within eighteen to twenty-four inches of the top of the 
vein. Dynamite is used for the stone. The total cost of explosives, 
caps, fuses, etc., amounts to about $125.00 per month. One row of 
holes brings down about one hundred and fifty tons of stone, which is 
then sledged and loaded into iron cars. Eight men handle all of the 
stone. Two men haul it from the mine to the tipple and dump it. 

The thin and fluctuating vein of shale lying between the stone and 
the sand rock is of great importance to the contractor, because the top 
of the limestone often hangs and has to be shot again. The shot can 
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be made in this shale at one-quarter the cost required to make it in the 
limestone. Also, it prevents any shattering of the sand-rock. The 
men employed here were as follows: 


6 men drilling and blasting limestone. 

3 men drilling and blasting coal. 

8 men sledging and loading. 

1 blacksmith. 

2 haulers. 

2 boys. 

1 or 2 extra hands, repairing track, ditching, etc. 
2 bosses or foremen. 

25 men. 

The output averages 2,500 tons per month, or 100 tons per man 
per month. The price paid for the stone was thirty-eight cents per ton. 
A little calculation shows that this labor cost is excessive and that at 
that price the wages per day would be small. Explosives alone cost 
$125.00 per month and the cost of mules, feed, track repairs, cars, etc. 
would make the profit very small. On the other hand, the use of steam 
drills would cut down the cost of the heaviest item by two-thirds. The 
contractor who was in charge of this plant gave as his opinion that, with 
similar roof and floor conditions to his own, using steam or air drills, the 
stone would be produced at a cost of thirty cents per ton, by working on 
a larger scale than his own. 


These two mines at Eifort and Steece show both sides of the problem 
—the one with coal and a shale roof; the other without coal, and a:sand- 
stone roof. The cost of stone is not far apart as at present managed, 
but it could be made lower under the latter conditions than it could 
under the former. The coal underneath the limestone is not such a 
great advantage as it appears at first sight, if it must be mined and 
marketed just as fast as the stone is needed. This makes it a by-product 
proposition, which is always a troublesome thing. If a cement plant 
could use the coal itself, it would enormously simplify the problem, but 
the Clarion coal is sulphury and could not be so used, in the opinion of 
most cement makers. This is not yet wholly proven, but it is well 
known that sulphur would be a severe detriment. 


If the coal were worked out ahead of the stone, the latter could 
follow along behind at will, but this would involve several undesirable 
features. The coal pillars would be apt to soften and squeeze when the 
stone was blasted, especially if they had been standing a long time 
since the coal was mined. Also, the timbers required are very long 
and, hence, expensive, so that the presence or absence of the coal is by 
no means essential to successful mining. Insumming up the observations 
on the mining, the following general opinions were reached: 
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First: That a 6-foot stratum, with a sandstone or other hard roof 
rock, is as thin a vein as can be profitably worked. 

Second: That an 8-foot stratum with a shale or other weak roof 
can be mined by leaving up a part of limestone to act as a roof material. 

Third: That the cost of mining under either condition will not 
fall below thirty cents a ton even when worked with the best engineer- 
ing methods, power drills, good transportation facilities, etc. 

Fourth: That benching should be considered as a method aux- 
iliary to mining, and not as an alternative. The two methods must 
both be used, to win the stone from any given tract as completely as 
possible. 

Fijth: That the depth limit of benching is set by the cost of suc- 
cessful mining. 


Yield Per Acre.—The stone may safely be taken at six feet per 
acre over the whole area in which it occurs. It was found less in but 
few places, and more in many exposures. Assuming the weight of the 
stone at one hundred and sixty pounds per cubic foot, which it should 
exceed, then the weight of stone per acre would be, 

43560 sq. ft x 6 ft. deep x 160 lbs. per cubic foot 


2000 
In mining, even with the best of roof, the probability of the recovery 
of any ribs or entry stumps is small, and it is not likely that more than 
two-thirds would be taken out, which would be about 14,000 tons per 
acre. : 

Land containing favorable exposures of this stone could be secured 
at from $75.00 to $200.00 per acre. Assuming $100.00 as the average 
cost of land, then $100.00 ~ 14,000 tons = 0.7 cents per ton, land 
value. Royalty varies from 2.5 cents to 5.0 cents per ton. 


Rate of Exhaustion by a Cement Plant.—Analyses of the stone 
show that it averages about 90 per cent. calcium carbonate. On cal- 
cination, this would give, 

90x .44 = 39.6 carbon dioxide or 1208 lbs. residue per ton. Of 
this, allow 200 lbs. for silica, alumina, iron, magnesia, leaving 1,008 lbs. 
calcium oxide. A good portland cement contains about 64 per cent. 
of calcium oxide.’ Hence, 


1008 x 100 
te = 1575 = weight of cement produced by 2000 lbs. 


= 20908 tons. 





limestone. 

1575 + 390 = 4.0 barrels per ton. 

The output of a rotary cement kiln may be taken at 125 barrels 
per day. Four rotaries make a small plant. 


500 
125 x 4 = 500 barrels per day. 10” 125 tons of stone daily. 
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14,000 tons per acre 
—— - = 112 days’ work, or 300 + 112 = 2.67 acres 
125 tons per day 


per year. 

These figures are only approximate, but indicate in a general way 
what would occur if a 500 barrel plant were to be established on a 6 
foot vein of this limestone. Of course, every additional foot in thickness 
helps wonderfully on the yield per acre. From what has been said, it 
is clear that in the Ferriferous limestone area of southern Ohio, an 
asset of some present and great prospective value is found. 


THE LOWER KITTANNING. 


There is no constant or well marked horizon of limestone of which 
sufficient quantity is found to be commercially interesting, for several 
hundred feet above the Ferriferous horizon. Several formations swell 
up locally and offer for a limited area a possible source of supply for a 
cement industry. Of such a character is the stone at Lisbon, Colum- 
biana county, where it has been used as the basis of a ‘‘Natural cement” 
industry for years past. It is only thirty-four inches thick, occurring on 
the horizon of the Lower Kittanning coal. It analyzes as follows: 


Per cents 
Silica... 2... cece cece eee ee ee eee eunece 17.76 
Alumina... 22.000 cece e eet e eee eeeeeee 7.94 
Ferric oxide......... 0... cece ee eee eee e eee e one 1.86 
Carbonate of calcium ....................0 cc eee eee eee 66.25 
Carbonate of megnesium.................... 020 ee eee 2.82 
X) 1: et ccc cc cee cece ee reece nena 96.63 


The stone is won by mining. 


THE MIDDLE KITTANNING LIMESTONE. 


A similar stone at Rodgers, in Columbiana county, having a thickness 
of four feet six inches, has the following composition. It is obtained 
just under the Middle Kittanning coal. 


Per cents. 
Silica... ce cect eee e tect eaten 25.44 
Alumina... .. 2.0... 0c ccc cee eee ceneees 10.62 
Ferric oxide ............ 0... cece cece cece eee eeeens 2.34 
Carbonate of calcium ................ 0.0... cece ee eee 55.59 
Carbonate of magnesium................ 0. cece eee eens 2.14 
Total... ccc cc ccc ccc eee cece ccc e sees 96.13 


The stone is won by mining, if at all. So far as is known, however, 
it has received no commercial development. 
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THE LIMESTONES OF THE MONONGAHELA FORMATION. 


Between the great limestone formations of early geological time, 
ending in the early Devonian, and the formation of the Pittsburg coal 
in the Carboniferous, a vast time interval occurred during which no im- 
portant return to calciferous conditions took place, in Ohio. The seas 
were building shales, sandstones, and conglomerates; strata of this sort 
of enormous thickness and area were laid down, but the periods when 
limestones were deposited were short, infrequent, and unproductive of 
important results, from the broad economic standpoint. 


At the beginning, or a little before the beginning of the Monongahela 
period, the situation changed and limestones began once more to form 
an important if not predominant part of the strata deposited. These 
conditions maintained for a comparatively short period, geologically 
considered, yet long enough to leave a band of strata two hundred feet 
or more in thickness through which limestones are a notable ingredient. 
The lowest member of this group occurs just under the Pittsburg coal, 
and so on, with scarcely any intermission, every part of this strati- 
graphical space between the Pittsburg coal and a point fifty to sixty feet 
above the Meigs Creek coal is somewhere occupied by limestone strata. 
These strata differ markedly, however, from the western limestone beds, 
which generally are of great extent and considerable uniformity, chem- 
ically and physically. The Monongahela formations are basin deposits 
of no great area and manifesting no close agreement in composition, even 
between adjoining basins of the same age. Thus, while we have in this 
two hundred feet of strata, an immense stock of calcareous matter, which 
will sooner or later become of economic importance, we do not have beds 
of which many general statements can be made as to physical and chem- 
ical qualities. 

For convenience in describing these formations they will be classed 
as the Pittsburg limestones and the Meigs Creek limestones. By the 
term Pittsburg limestone in this report is included all limestone strata 
from a point twenty feet below the Pittsburg coal to the Meigs Creek 
coal, a vertical range varying from one hundred and five to one hundred 
and twenty-five feet. By the Meigs Creek limestone is meant all lime- 
stone beds from the Meigs Creek coal to a point sixty feet above it. 


Concerning the origin or conditions of formation of these limestones, 
and considering the areas covered by both the Pittsburg and Meigs Creek 
groups, everything points strongly to a deep basin in the eastern portion 
of the territory near the present Ohio River valley, extending west over 
a larger but much shallower basin, at the time these limestones were 
laid down. The main influx of fresh or drainage water was probably 
from the north and northwest, since the limestones are heaviest in the east 
and are condensed in the south, thin out to the west, and spread out or 
open up to the north, the intervals filling in with shale and sandstone. 
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There is much evidence of great atmospheric disturbance, or at 
least of the rapid migration of considerable bodies of water, at the time 
these limestones were formed. In many places a shale will take the 
place of a sandstone, or a sandstone or shale will completely replace a 
limestone for a short distance. When a sandstone replaces a limestone in 
this manner, it is usually false-bedded, and highly laminated. Thin 
strips of impure limestone come into a section frequently, and disappear 
again in a short distance. 

This variation in the nature of a deposit at any given level is well 
shown in the first twenty-five feet under the Meigs Creek coal, of which 
the following sections are specimens. 


Feet. 

Cumber- (Shale ........... 0... ccc ccc cece ete eee t eee eesececs 2 

land. {Limerione Sec e cee c cece te ent e nee e nee rennen une un 
Shale with kidney ore at base..........cc cs cecceccenes 15-20 

rm- 

strong’s {shat with a little sandstone ................ cece eens 23 
Gray sandstone, highly laminated and false-bedded ...... 15-18 

Bellaire. {ce wee c ete cece ete eee anne nennen ernennen nenn 
Limestone. ........ ccc cece cee Lecce cece ce ececece 8 
Martins iting with some sandstone...........cc cece eee csccece 20-25 
Ferry. \Limestone..........ossosseesusssonsennenneerenennne 8-9 
(Timestone......... ccc ccc cece cece cece esses cesceesece 8 
Powhatan | Unknown (probably shale) ...............ccce cc ee cee 15-20 
Limestone. .... 0... ccc ccc cece rece eee tte ce eceeeees 10 


Each section starts with the bottom of the coal. This evidence of 
disturbance is less marked in the Meigs Creek horizon than in the lower 
or Pittsburg horizon. 

There was evidently a period of quiet prior to the formation of the 
coals, during which time the rough floor of the basin was leveled and 
evened up by the sediments and gentle currents, since, while the coals do 
not lie in straight lines, they are comparatively much more even and 
less erratic in their location than other formations. The interval be- 
tween the two coals is fairly uniform, varying from eighty-five to one 
hundred feet. 

If we could see a cross section of this territory at a glance, the im- 
pression left on our mind would probably be much like the following 
illustration. This was not drawn to scale, or from exact data, or to 
represent any particular section, but was produced with a view of bring- 
ing more clearly before the reader the lack of conformity in deposition 
throughout the region, and to show that at the same elevation above 
the coal the same limestone is not always found. Sometimes the lime- 
stone at a given level above the coal is absent entirely, again it is thinner 
or heavier than it should be. At another point we may find a limestone 
ten to twenty feet higher than it should be, and in some cases another 


13—S. G.—Bull. 4. 
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limestone entirely different in physical appearance and thickness may 
lie below it and at about the level where the other one was due. To the 
west, where the limestone strata thin out, it is, as a rule, only where two 
distinct groups of rocks get close enough together to be worked as one, 


that the thickness is sufficient to give them any value. 
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Figure 7.—Showing an ideal cross-section of the limestones of the Monongahela 
formation of South-eastern Ohio; the area covered is supposed to be several 
miles long, and the vertical range is approximately 160 feet. The fluctuation 
in thickness and the lack of continuity are the points which it is desired to 
bring out. 


As has already been observed from the illustration, each horizon 
consists of a number of groups of limestone layers or strata; usually 
carrying shale partings, and the groups separated by beds of shale of 
greater or less thickness. In consequence of this, we do not find the 
thickness or general make-up of any one group constant throughout 
any wide area. Two groups frequently thin out and draw close enough 
together to be classed as one workable group. It must clearly be borne 
in mind, that the word group here is not used in a stratigraphical sense— 
merely an economic one. A group of limestones is found, where a suf- 
ficient number of limestone strata occur, to enable quarrying or mining 
operations to be carried on without the handling of so much interstitial 
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material to make the work commercially unprofitable. No other sig- 
nification attaches to this word in what may be said on the limestones 
of this formation. 

As a further illustration of the exceeding variability of the strata, 
the three following records of core-drilled test holes in Mead township, 
Belmont county, are given. In each case, the bottom of the section is 
the horizon of the Pittsburg coal, which enables the correlation of the 
three to be easily made. 


Record of Drill Hole No. 1 


On Wegee creek, Lashley station, in north half of southeast quarter, 
section 2, Mead township, Belmont county, Ohio. 


Feet. 

Surface... 0... ccc ccc cece ence eee e teen ceseeens 7.09 
Gray Shale... .. 0... ccc cc ce cette eee nennen 2.00 
ray SANGStONe. 0... ccc cece ccc weet eee este eees 5.00 
Shale, with lime nodules see e cece cece ceteeas Cece e ee eees 1.00 
Gray Blate .... 0... cece cee eee nenne eee eee eee 3.00 
Boft coal... 2... ccc ccc cee cece teen tate eeeseeces 0.04 
Gray shale... 0.0.0... cc ccc cece ccc cece eevee sence 0.07 
eect c ec eee ee eee sonen ee tee ete e teens eeeeene 0.04 
Shale... 1... cc ccc cee cee cece tenet ee eeens 0.03 
Sulphur oa 0.01 
WAL Loc ccc cece cece cence terete eee esac ete seeses 1.02 
Gray shale... 1.0.0... ccc ccc cece tet eee tee eseeeee 0.09 
cece ce te cece ee te te tees cece cess tates eeeeesees 0.08 

) F 1 7 0.07 
Limestone ........ 0. ccc cc ccc ccc cee e tec ee ernennen ne 0.03 
Cement rock .......... cc cece cece cece cece cece sescecs 3.00 
Limestone ......... 0.0 ccc cc cc eee cece e eee peveceees 2.00 
Limy rock .......... cece cece cee cee eect ete eenene 0.05 
Limestone ..... 0... ccc cc cece cece c ete e ce eeeece 1.04 
Cement rock ....... 0... cc cece cect e teen cece eneeeeee 5.08 
Black shale ..... 0.0... ccc ccc cc cee eee ecnceees 0.02 
Limestone ....... 0. ccc ccc cee cece tee e eect eee eneees 2.00 
Gray shale... . 0... cee cc cece ence tenes 1.02 
Limestone ....... 0. ccc ccc cece ccc tect et eeetescenes 3.09 
Cement rock ......... 0. cc cece ccc c cert cect ete ceeesers 0.10 
Limestone ........ 0. ccc cece ccc c cence eee nennen nenn 0.10 
Green shale... 1.0.0... ccc ccc cee tenet nee eeeee 4.00 
Limy shale .......... ccc ccc cece cece cette tetetees 0.06 
Limestone, very hard ........... 0: cece eee cece wees 2.00 
Dark rock ....... 0. c cece cc cee cet e teen eee e ee neeees 0.04 
Limestone, hard............ 00 ccc cece cece cent ececee 1.06 
ft gray shale .......... ccc cece ccc cece eee nen 0.06 
Green shale and fireclay, mixture ...................... 1.00 
Black slate... ... ccc ccc ccc cece cee e cece tence ee eceeees 0.07 
Brown slate .... 0... ccc ccc eee cece eee tee ceanees 0.06 
Black slate... 0.0... ccc cece cece ete t eee eeeeenes 0.04 
Sandy fireclay ........ 0... ccc cece cece eee eee ences 1.06 
Grav shale ....... 0. cc ccc cence nennen ern en 2.00 
Dark shale... 0... ccc cee cee cece ene se eens 0.04 
Gray, limy shale. ............ ccc cece cece ene eecenees 0.06 
ue limestone ......... 0. ccc ccc cece cece eee eeeecens 1.03 
Hard rock ......... cece ccc cece cece ee ce neces seeees 0.06 
Cement rock ........ ccc cece cece cece ccc cs cn eceseeece 1.00 
Hard, limy shale.. .......... 2. cece ccc c cece cece cere 0.08 
Limestone, 0) C0 (rc 3.06 
Limy shale and limestone .............--s sees ee eeeeees 1.00 
Limestone ...... ccc cece ccc ccc e cence sees esses nenne 0.10 
Limy shale and limestone... ......:.2..0.0.e eee eee eees 1.06 


Limy shale ...........- cece ccc cece sce cc rere eeeesees 2.06 
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Record of Drill Hole No. 1—Concluded. 


Limestone, mixed with shale ........ 0... cece eee ceeees 2.00 
Dark shales .c05 seei scene ne 1.06 
Green shale.;:4.:2:2.2.. 20:22 a ante 2.06 
Dark slate and fireclay, mixed ............-.2ccecsc00. 0.06 
Gtay shale occa Scans een ae 2.03 
ROOE 2081... 20 WR OAS SERS DEAN RO ERR EOS 0.03 
Be soa 0... ee ee 1.00 
Pittsburg, or No. 8 Coal .......u 00. sa en a 5.01 
Dark fireclay 3.2.70 nr anna 0.04 
Dark, limy shale, hard..............2ccereseeesonenane 1.04 


Record of Drill Hole No. 2 


On Wegee creek, Crows station, in south half of northeast quarter, 
section 8, Mead township, Belmont county, Ohio. 


Feet. 
DUP aCe yo62 i oto Ue owe eee rien 7.00 
Shale u: cee aoe baer alee eres ee eee 2.06 
Eimestone hee so Sod oe Wak oe a ak ee ee 1.00 
SHAG se sics Fok dca tess ees a ee Oe een 3.06 
Limestone and shale, mixed.............202cencececeee 3.00 
(Green shale 272 2 ce tain eee ee eth tbs Rae wats 4.00 
Hard limestone. ........ 0... ccc ccc cece tet eee 4.00 
Gray shale... 62 c2ss4.004 40 Dee 0.06 
Cement: rock 3-2 32.2 Bee Oe nie 6.06 
Limestone mixed with shale ................. cece eeeee 1.06 
RM Wut BERBBEREN en 2.00 
ER N BEER: ansehen 1.00 
Pe, EEE BEE een een 4.06 
Green MBM Sandy .....:24.2.: 20000 een 2.00 
Dark cement rock... ..... 2222 ccc cece cece een ec ecees 3.06 
Re WEG een 0.06 
Limestone and shale, mixed..............ccccseccueces 1.00 
Sel: WOM NN oii oe ee eho se Mai ewes a rea aes 0.03 
aE WO - 2.2 nenne 1.00 
ER COME OAM 2 ih eee ee aera ees 1.06 
Limestone. 5523): 2200.04 da ie be at eae Sere So eee ee 0.06 
Dark shale  Bard.. un near 1.00 
Cement: rock 3; 4.44 5 02.2.0 aussen 5.00 
Hard. dark shale 2,2... 02.0 re ees 0.03 
Dimestone ic): os oil hs ee SAS 2.06 
Dark SHAG) 3235.0 sc seed ahaha esd none cosa Sowa 0.03 
RI BER nenne 1.09 
Hard shale and limestone.............ccccscccecccccos 1.00 
CREE EB 2.2 ee 1.06 
Cement: rock cos we dak ocean eee ee gems aaa 3.03 
AMOS ONG see ore dees ae ee eisen 0.04 
Cement rock ......... ne ee er ee ee ee 0.08 
Limestöne tr... aerrleene 0.03 
Bement rock ....lu ile oso ere ae had MOR Ke oe eS ONS 0.06 
Ti MieStON G5 occ hea oo ace ioe aan 0.06 
Bree, DES ER: oe la Sti wee ee see aie Bethe sh 0.06 
RE Wk tes a eas hie ea ROKER Ea Seaweeds 7.00 
SUE, ee le... 0.09 
pees Es oe ee een 2.09 
Hard, dark shale: ss: ee 3.00 
BEE Shüle 0: 242440040 0.09 
IN I Be EHE ge tg 1.06 
BEER. BB ahale so 6 rs 1.03 
NN ea ee ee Baar 0.10 
Hard Gabi, Wes thble .......:..2 000 0un nennen 1.06 
Between a limestone and cement rock................00.6 0.09 
Hard, dark, limy shale ..............cccecceccrerercns 0.06 


Limestone ce sea 0.07 


82.00 ft. 


90.00 ft. 
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Record of Drill Hole No. 2—Continued. 


Hard; dark, limy shale 2... eu sew ek ees 
Limestone u. 6 ahs een er teem cases 


Dark, limy shale, brown .............. 2c eee e cece cee 
Birerlay. io Suse Sia ee Bees an 


Hard, Besen nen 

Bone coal and slate, mixed................ 0.0 cee cece 

a RIAY sale... ale Ve oan eos ee sees 
AD 


Dark, limy shale -02..0-4.c50560 eo sas ee. 
Cement: Tock Goce auc nennen 
Limestonen.. 2er bersnoeetewhenleetes seas 
Limestone and shale, mixed........7..........00 ccc eee 
Limestöne en... ne aw eck Se a oka aan Gee 


Mard, gray shales. 256.0264 beck ume ncen a yee ea baron 
Limestone, hard..................-eccccecececaceeees 
Grey shale 5636 4 c5d.d 20 Peosk hues ata ask do eh hee aA 
DAMS ONG sn aie heed a kee eee eed neue 


ES ee ee eee eer ee ee eee 
Limestone and shale, mixed....................0.00005 
MOU UE 8 hoe oak aaah we Ge egies Site oh aie 
Sandy fireclay, with lime nodules ...................... 
Black slate and sulphur .....................0 cee cues 
Dark, limy shale. ............0.0 00... ccc cece eet 
Blue limestone ............. 000.0. ccc cece cece eens 
Hard, gray shales ies 5g te Leere 
Eimestoße 2 a Gv gates Bea hae Rh eS DUO PORES 
Hard, dark shale ............ 0.0... ccc cece eee 
Eimestone.n.n er ae pnd ee 
Hard; Imyshale... ce... 224 kan 
imestöne; 2: 724022 nen esse ee 
Hard, dark, limy shales <: ccc taawdetawaw 2002.00 
Limestone, and shale mixed ...................000000: 
Limestoho... Au. °: 0. — s-kahe Ge cea tiene Sees 
Limestone and shale, mixed .....................0000. 
ROAM TORII ls nee 
Limestone and shale, mixed ..................0000000e 
Soft shale, with lime nodules .................... 200005 
Hard, limy shale. cc eats pea noes sae aes ae eee tees 
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0. 
1.0816 92.00 ft. 
0.0044 
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Record of Drill Hole No. 2—Concluded. 


Feet. 

Shale and lime modules, mixed................ccecceeee 0.10 
Hard thisile and Bil... .... cece ces eecesees 1.04 
Bone COAL. 000 00 2 ae ee 0.01 
Black slate and fireclay, mixed ...............cesceeees 1.02 
Black slat és ...:u.2:5.. 2 une 0.04 
Root Cal... ce. ha ea eee eas hes Sa be RR 0.09 
Band ae sn ee ek ie wee Oca ans 0.02 
ROO! al... ee Gea ees ate 0.06 
Roof coal and slate, mixed ...........cccccccscccsccces 0.07 
AT ie itary db ae Noe Reo Ais we Oa RN oe 0.08 
Pittsburg, or No. 8 Coal ........ ccc cece cece cece scceace 5.05 
© EimyHreclay 5.66 wel sei 0.08 


Record of Drill Hole No. 3 


On Weegee creek, Irwin station, in south half of northwest quarter, 
section 14, Mead township, Belmont county, Ohio. 


Feet 
6.00 
0.06 
Limestone and shale, mixed.................0cceeceees 0.09 
ERO Poa -2's Slee sates eeu ice sa oe ecules es 0.06 
CR REIN ie ican Case SG oe eee ERK SOS 1.00 
OT TREE OU RE ORT rr a Tore 1.00 
ES eee ee en ar ne eerie rer 6.06 
GAY SBBIG Ss 6c wore Seek aceite ae ae §.03 
Limestone 63.5 Fedo este 0.06 
Gray Shal6 ois sac cectaicconeaus edness ae 0.03 


Hard, dark, limy shale .............20ccessccesccececs 
Limestone 2:24.22 seele aan 
Emmy shale: .ecmssc.ca sauer 
Hard shale with lime nodules.................ceeceeees 
TMCS ONC is sso eed and wate Sueded Oe Ra Oe REISS 


Limy shale ..... ee ET he rer EEE 
Limestone 2 gern Bites eee aie os ioe Benin 


0 
0 
0 
1 
0 
0 
1 
1 
0 
1 
0 
y 0 
Limestone and shale, mixed.............cccccccseccecs I 
0 
0 
0 
1 
0 
0 
1 
0 
1 
1 
0 
1 


Hard, dark, limy shale ............cccceseccceeeeueees 3.09 
Green Gh Ale a5 wc otis cee ees Sa een oe ee wes rasen 3.00 
Red shale.. u. tudes gende 0.03 


181.00 ft. 
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Record of Drill Hole No. 3—Continued. 


ee OS ee eee ee ee ee 
CI MERU OMI Se nenn 
RER EBEN DaB. es ee 
I Gate ee shale 2. 
Limestone and cement rock, mixed..................2. 
Eiger are tree shale ........2-...4.2020 ecsceccanssnce 
Limestone and cement rock, mixed .................06. 
EAMES. CU EN ee ea SS a aby as 
PEMD sos - rasieren 
Hari dari, img shale ...... 2.0.0... cee cece e ccc ecnae 
REBEL near 
Hard, dark, limy shale ............. 0. ccc cc ccccccccecs 
SIL «BRR ee ira era nr ea 
Te, VER w ane Ree aeurs 
Limestone mixed with shale .............. ccc cece eeees 
Limestone and cement rock, mixed ..................4. 


Hard, green, limy shale. ................- sees ee eeeees 


GIO GING nennen 
BE tptereay slate 2... cee eee eet eees 
EEE Oe 2.200 een nee nn 
Fo, 1 ER EN EURER EHEN 


RE RP Ag iio sii be ou hoes ease Saw U ENEER 
SEMI, IE RER. 5s 2er ER 
Limy shale, with little limestone....................... 
CP PIM RE ER SEE RER ieee eek Ra en aes 
Gray Slate au. 2000er week 
Between a limestone.and cement rock.................. 
Hard. dark, lim SHAG eis rs oo ods than 


TMOCBLONG iis 2:22 earache se Sh es Be a bis Sek OR eR 
Limy shale, hard : u. 1... scene ee 
Limestone ..........-.-cccccceeees Redluseet tie lend go shad ohemen cunt 


Bireclay. aa sender otter thule ante oe woe as 
Slate: dark 3225625 reinen eee aeons 
A NE ND RENNEN bamce ane senie 
MRI TPR pe. ensure 
PARI TERN MUNN 3: era eens Aaaeer 
PETER ae = 2 a Cds aides vk na Stee eeeeees 


Co 
Dark, limy ehale. 2..2...u0.:0u.u0n Rear 
Eimestone 2.20 2 essen 
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0. 
5 .09 137.78 ft. 
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Record of Drill Hole No. 3—Concluded. 


Feet. 

Hard, limy shale .......... 0... . cece cece cee reeuceaes 0.03 
Limestone ........ 0... ccc cece cece cee n cess ncecevees 3.06 
Cement rock ........ 0.0 ccc cece cee eee e cee nennen 4.03 
Hard, dark shale ............. 0... ccc cece cscs cecceece 0.03 
Limestone ......... 0c ce ccc cree eect e te cueeseeees 2.00 
Gray shale... 1.2... cece cece eee nenne 1.00 
Limestone .... 0... cc ce eee cece eee eececees 4.00 
Hard, limy shale ............ 0. ccc cece cece cece ee ceece 0.04 
TLimestone ...... 0... ccc cc ce ccc cece te ee ee eesavees 1.04 
Hard shale and limestone, mixed ...................05- 0.10 
Hard, gray shale .......... 0. cece cece eee eee eens 1.00 
Limestone shale, mixed ................000 ce eececvuee 0.06 
Limestone ....... 0... ccc ccc cece cece teen tate eeeeas 1.10 
Hard, limy shale ............ 0... cece eee c cece ne te eee 0.09 
Green shale with lime nodules...................200005 1.00 
ireclay 6.0.6 cece ce ee ee eect eee nenne 1.06 
Black slate... 0.0.0... ccc cee cece cece ee eetaeuee 0.03 
Green and black slate, mixed .................0 00 cuee 0.09 
Soft, clay shale... 0.0.0... eee ee ect eeee 2.09 
Gray shale... 0.0... 0. ccc cee cece cece eeeaee 1.06 
Sandy shale............ 0... cece cece ence en eeees 1.06 
Black shale ............ 0.2 c cece ccc c eet c eee eeeeceee 0.03 
Hard, dark, limy shale ..... beeen eee eect eee eee e eens 1.06 
Blue limestone ........... 000. ccccccccecccnesccveces 2.00 
Limestone, gray Cece eee cee te eee eee nee eee ee ne eeee 2.06 
Hard, dark, limy shale ................ Lene e cece eceees 0.06 
Blue, limy shale, hard. ............. 2.0. cee ceaceceeees 1.03 
Limestone and shale, MiXEd. 0... eee cee eee 1.03 
Hard, limy shale ........... 0... cece cece cece et ateee 3.00 
Limestone and shale, mixed...................0ceceeee 0.03 
Hard, limy shale ............ 0... cece cece cnc ee eeeees 2.00 
Limestone and shale, mixed.................0c00e cece 2.00 
Hard, limy shale .........2222 02222202 cece ee nee 0.09 
Fireclay - eee cece ee eee eet ee eee e ee tenet eeeeeeaes 1.09 
Hard, limy shale ............. 0.0 c ccc e cece eee ne cece 0.06 
Fireclay and dark shale, mixed................222222.. 0.11 
Black slate... . 0.0.0.0... ccc ccc een ene e teen eees 0.04 
Roof coal... .. 0... cece cc eee tee eee een eenes 1.00 
Band... 0.0... cc eee teen eet eens 0.03 
Roof coal... 2... 0... ccc ce eee teen teeta 0.05 
+ cc cr 1.11 
Pittsburg, or No. 8 Coal... 0.0.0.2... ccc cece ee ee 5.00 
Dark fireclay ..........0 00.0 c ccc cee ene ene eens 0.04 
Hard, limy shale ........... 0... cece eee eee eens 1.07 


236.00 ft. 


Further illustration of the structure of this field is given in the 


section at Armstrongs Mills, Washington township, Belmont county, 


in Chapter ITI. 


This section represents the extreme conditions in the 


eastern edge of the field, as nearly as any section can be said to do, where 
no close adherence to any type is found. 


A similar section between Cumberland and Blue Bell, Guernsey 


county, represents the structure of the western edge of this district in 


the general way. 


thickness of the elements as they entered the line of travel. 


Section from Cumberland to Blue Bell, Guernsey County. 


Feet. Inches. 


Red shale ......... 2. ccc cece eee tee ee eeee ae 


It was measured over a considerable area, taking the 
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Section fiom Cumberland to Blue Bell, Guernsey County—Concluded. 


Feet. Inches. 


Buff limestone... .......... 0... cc cc cc cece cece oe 

Qo cc ccc ccc ce cece ee eee neue eeeeeeeeeee as we 
Buff limestone.............22222222200000.1.40-45 (above coal) 

A le and green shale .................000 eee oe .. 
Col ccc cc cc ccc cece eee eee teeter eee eeeee os .. 
Coal, Meigs Creek............ 0.00 eee e eee eee 4 .. 
ireclay ....... 0... cece cece eee eter ences 2 .. 
Limestone (sampled as No. 153)................ 7 .. 
Shale, with kidney ore at base ................. 20 .. 
Sandstone .......... 0... cece eee ee tee eee eens 18-20 we 
Coal... 0.0 cece ete eee e ee eeeee as 28 
Fireclay .....0..0...0 0. ccc ccc cee cece ences 2 .. 
Limestone ...... 2... 0. cece eee eee e eee eee 1 oe 
Shale... 0... 00. ce ec ee eee neces 1 .. 
Limestone .............. cece cece eee eeeeeees 2 . 
ry le ern 10 .. 
Limestone ............. 2c. cece ecw cece cece cece 1 Br 
ER 2 .. 
Limestone ............. ccc cece ec eee eee ee eeees 3 Br 
Yellow shale ........... oo ccce nennen 20 Br 
Limestone ............. 0c cee ce eee eee eeees 5 . 
hale... 0. cc ccc eee eee ee eeaes 1 .. 
Coal... ccc ec cece ete eeeeees 2 u 
Unknown... 0.0.0.0 cc ccc ccc cee nee ern nn 10 .. 
Sandstone .............. 0c cece ccc cet eeeeees 31 6 
Smee ee eet ee ee eee ea eee eee eee nace 3 ee 
Concealed................0 cece ee eeee een 1 6 
Nodular limestone ........: co 22222 5 9 
Sandstone ..... 2.222 cc ccc cece cee eee cent eee ne 6 
Limestone (Fossils, Crinoids and Orthis)......... 5 oe 
le shale and nodular limestone ............. 10 6 
Yellow shale (sandy)..............-.....222200. 15 9 
Solid sandstone ........... 00. c cece eee ee eee 20 oe 

Dark shale, with iron concretions ............... 30 

Drainage level ...............0 0c cece cee eee ae 


It should be about fifteen feet from here down to the Crinoidal 
limestone. 

Beginning at the base of each horizon, we will roughly form the 
limestones which appear at approximately the same elevation above the 
coal into economic groups. The exposures and samples from each group 
will have, for the greater part at least, some properties in common. 

The lower groups will pass the coal boundaries to the north and 
west, and fall back from them to the south. The higher groups will 
get well within the coal area on the north and west and reach much be- 
yond it to the south and still be above drainage. 

In this manner, the Pittsburg horizon is divided into six groups, 
which will be designated by the letters of the alphabet, beginning with 
A for the first one under the coal; and the Meigs Creek horizon into three, 
beginning with G. 


Pittsburg Horizon, Group A.—This group was seen in workable 
quantity in but one point, Ames township, Athens county. The stone 
in this group lies from two feet to twenty-five feet below the Pittsburg 
coal. The only samples representing the group are numbers 141 and 176. 
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Group B.—This comprises a number of limestone strata, reaching 
a thickness of six to twelve feet, which lie from six to twelve feet above 
the No. 8 coal. This group is represented by sample No. 175, the con- 
stitution of which was given in the Martins Ferry section, Belmont coun- 
ty, Chapter III. 

This group can be found in Cross Creek, Wayne, Smithfield, Wells, 
Warren and Mt. Pleasant townships, Jefferson county; Green, Cadiz, 
Athens, and Short Creek townships,Harrison county; Wheeling, Colerain, 
Pease, Pultney, Mead, York, the east half of Flushing, the north half 
of Richland, and most of Union townships, Belmont county. 


Group C.—This group consists of seven to fourteen feet of limestone 
located twenty to thirty feet above No. 8 coal. 

This group is represented by analysis No. 173. Sections of samples 
will-be found in their respective counties in Chapter III. The limestone 
is to be found in Smithfield, Wells, Mt. Pleasant and Warren townships, 
Jefferson county; Short Creek township, Harrison county, and in all 
townships, except the western tier, in Belmont county. 


Group D.—This group consists of from six to fifteen feet of limestone 
with a little shale, occurring forty to fifty feet above No. 8 coal. This 
is represented by samples No. 158, 161, 166, 167, 174,171. The terri- 
tory covered is practically the same as that given for B. 


Group E.—This group is from six to ten feet thick and lies fifty-five 
to seventy feet above No. 8 coal. It is represented by samples Nos, 
157, 160, 165, 170, 149, 147, 187, and 138. This is a very persistent 
group, and is to be found in the territory given for group B, and is above 
drainage a little farther south, and at a few points where only the Meigs 
Creek coal is mapped, but in the latter case is apt to be light. 


Group F.—This group consists of six to fifteen feet of hard, light- 
blue stone, weathering to light brown, which is made up of beds from 
six to twelve inches thick, frequently interstratified with thin shale beds. 
This group when present is found seventy-five to eighty feet above No. 
8 coal, or shortly below the Meigs Creek coal. In the eastern portion of 
the territory, this limestone is replaced for the most part by shale or 
sandstone, but the outcrops along the northern and western boundary 
of the Meigs Creek area, wherever exposed, show its presence. 

It may be found in most of the following territory: 

The west tier and south tier of townships, Belmont county; Milwood, 
Richland and Spencer townships, Guernsey county; Rich Hill and Meigs 


. 
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township, Muskingum county; greater part of Noble and Morgan coun- 
ties; western tier of townships, Washington county; and east half of 
Athens county. 

In the territory just named, there will no doubt be many places 
where it is either below drainage or is replaced by shale, or is too thin 
to be worked with economy. There is, however, a considerable body 
of it available when needed. 

Where the coal was seen, this limestone was found to be close to it. 
At other places where the Meigs Creek coal was apparently absent, this 
stone showed up at about the proper elevation above the Pittsburg 
seam to place it near the Meigs Creek. 

This is probably the most valuable group in either the Pittsburg 
or Meigs Creek horizon, since it is the only one in which the magnesium 
carbonate is low enough to make it available for portland cement man- 
ufacture. Aside from this, it frequently approximates the composition 
of portland cement, and is of a good physical character for this purpose, 
being very fine grained, apparently carrying no coarse quartz. The 
fact that in some localities it lies close enough to a four-foot vein of coal 
tn be mined with it, also adds to its value. This group is represented 
by samples Nos. 136, 139, 140, 143, 153, 159, and 172. Nos. 140 and 
159 are a little high in magnesium carbonate for use in the manufacture 
of portland cement. 


Meigs Creek Horizon. Group G.—This group consists of a light 
gray to a very dark stone, so fine in grain as to have a fracture almost 
glassy in appearance. This stone is very brittle and hard, but does not 
stand the weather. The weather breaks it up into small rectangular 
blocks with many curved surfaces. This group is twelve to sixteen feet 
thick and lies immediately over the Meigs Creek coal. It is fairly constant 
in the east, but to the west it is thin or absent for the most part. The 
composition is shown in analyses Nos. 145, 154, 155, and 164. This stone 
is at its best in Washington, Mead, Smith, Richland, Pultney, Pease, . 
Wheeling and Colerain townships, Belmont county, and Mt. Pleasant 
and Warren townships, Jefferson county. 


Group H.—This group is of blue limestone interstratified with a 
little shale, and at some points one or two beds of buff stone, occurring 
fifteen to twenty-five feet above the Meigs Creek coal, and has a thickness 
of seven to thirteen feet. This group, while fairly persistent throughout 
the Meigs Creek area, is frequently too light to work, being cut out almost 
entirely by shale in many instances. Samples Nos. 144, 156 and 168 
give an idea as to its make-up and composition where thick enough to 
work. 
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Group L—This group is six to thirteen feet thick. It is seldom 
absent at an elevation of thirty to fifty feet above the Meigs Creek coal. 
It is readily recognized; it is a buff limestone, resembling to some extent 
in appearance a very fine grained sandstone. It breaks with a conchoidal 
fracture. In most cases, there are at least two beds of this stone, which 
are each from twelve to twenty-four inches in thickness. The balance 
of the group is made up of various sorts of limestone and frequently a 
light shale parting or two. 


The samples from this group are: Nos. 146, 148, 150, 151, 152, 
162, 163, 169 and 183. | 


This group is found in the western half of Monroe county; Sharon 
township, Noble county; Meigsville township, Morgan county; south- 
east portion of Spencer township, Guernsey county, and probably on 
either side of a straight line joining this point and Powhatan, Belmont 
county. 


The limestone, which comes in about twenty-five to thirty-five feet 
under the Meigs Creek coal, is the most constant of any of the series as 
to its location throughout the field, while the ledge immediately over 
the Meigs Creek coal is a close second. 


Chemical Composition.— As has been stated elsewhere, the prime 
object of this survey was to study the limestones of the state with special 
reference to the portland cement industry. This required that the 
sampling of the limestones should be done with due regard to their 
average composition, or in such a manner as to enable one to see what 
the composition of the material would be en masse, and not by picked 
samples, and also, that sampling should take due cognizance of the 
occurrence of the stone with reference to winning. Owing to the rugged 
nature of the country in which these limestones occur, it is seldom that 
any large area could be won by open quarrying. Therefore, the only 
way to win them on a large scale will be by mining, and mining conditions 
must govern in determining what could be won with economy. It has 
been determined that less than four feet in height is expensive of oper- 
‘ation in mining. Therefore, no limestone less than six feet in thickness 
was sampled, unless there was a roof stone over it, which would stand 
up well under the strain incurred in moving all of the limestone. 


Since the sampling was controlled mainly by considerations of 
economic mining of the stone, the analyses will not do as much. toward 
establishing the uniformity of composition, or the lack of it, in any given 
seam or ledge of limestone throughout the region studied, as they would 
have done had the shale, which is included in many of the samples, been 
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left out. The thinner shale beds, which are frequently interstratified 
with the limestone, often cut out and come in again within a distance 
of afew hundred feet. In mining the stone, it would be practically neces- 
sary to include these thin bands of shale, and for that reason they have 
been included here. Naturally this reduces the accuracy of our knowl- 
edge of the composition of the stone layers, by themselves. It does not, 
however, change the broad essential facts of constitution. 
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Table VIIT.—Analyses of the Limestones 
Group A—2 to 25 Feet Below the Pittsburg Coal. 


— 














F | 

i] 

3 | 

Bg Location of sample Thickness eee orton of the stratum 

EL 

141 | Athens Co., Ames Tp on nene 14 feet 6 inches thick ...........scc0sc0o00 
176 | Jefferson Co., A Steubenville. 12 feet thick...........cccccccccccscsceee 

Group B—6 to 12 Feet Above the Pittsburg Coal. 
175 | Belmont Co., Martins Ferry . | 8 to 10 feet above coal, 10 feet thick........ 


Group C—20 to 30 Feet Above the Pittsburg Coal. 


173 | Belmont Co., Martins Ferry . | 26 feet above coal, 13 feet 6 inches thick .... 


Group D—40 to 50 Feet Above the Pittsburg Coal. 





158 Belmont Co., Powhatan ...... 10 feet thick. ........ ccc cece cece cece eeces 
161 ’ Bellaire ........ 7 feet thick. ........ cece e ccc ceccecsscces 
166 “ “ Armstrongs Mills 5 feet thick..........cc ccc cccccsccecccecs 
167 “ “ 8 feet 6 inches thick ............eccecceeee 
171 “ “ Bamesville .....| 6 feet thick. ......... ccc ccccccccccececes 
174 “ “ Martins Ferry...| 7 feet thick.........22.22c0ccseenonnoncne 
Group E—55 to 70 Feet Above the Pittsburg Coal. 
187 | Athens Co., Big Run......... 14 feet thick, 75 feet above No. 8 Coal...... 
157 | Belmont Co., COB onen. 10 feet thick, not far under Meigs Creek coal.. 
160 “ “ Bellaire......... 8 feet thick, '20 feet under Meigs Creek coal.. 
165 “ “ Armstrongs Mills| 8 feet thick, 25 feet under Meigs Creek coal.. 
170 “ “ Barnesville .....| 7 feet 6 inches thick, 25 feet under Meigs Creek 
149 Co., Unionville....... 7 feet six inches thick..............seeeee: 
138 | W: | Co. ” Wesley Tp...| 10 feet 6 inches thick, south end of township 
147 “ “ Waterford..| 11 feet thick..........cccccssceccecccvees 
Group F—75 to 85 Feet Above the Pittsburg Coal. 
136 Athens Co., Amesville........ 13 feet thick. ,............ cece cee eee 
143 Canaanville...... 14 feet 6 inches thick ............sss00000. 
150 Belmont Co. Powhatan ...... 8 feet thick, just under Meigs Creek coal... 
172 ” Hen burg .. 7 feet thick. ...... ccc ccc cece cccccncccces 
153 Guernsey Co. Cumberland . 7 feet thick, under Meigs Creek coal......... 
189 Washington Co., Ww esley Tp... 15 feet 6 inches thick, middle of township .. 
140 11 feet thick, north end township .......... 
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of the Monongahela Formation. 
Group A—2 to 25 Feet Below Pittsburg Coal. 





























Constituents. 8 
3 ; g 
S$ g | s 5 | Total. | Remarks, ; 
, 5 oe es ES 3 ° aS 
© S ° * 
= 3 5 2/3 : | 23 
m < Be oO oO 7) 
4.62 1.44 1.00 | 90.90 1.60 | 99.56 141 
12.50 | 10.11 4.19 | 61.00 5.86 | 93.66 176 
Group B—6 to 12 Feet Above the Pittsburg Coal. 
13.60 | 3.69 | 1.95 | 69.60 | 10.90 | 99.74 | Glens Run. | 175 
| Group C—20 to 30 Feet Above the Pittsburg Coal. 
19.68 | 6.77 | 1.63 | 61.50 | 9.00 | 98.58 | Glens Run. | 173 
Group D—40 to 50 Feet Above the Pittsburg Coal. 
14.40 4.73 2.65 | 59.40 | 18.39 | 99.57 158 
12.36 3.92 1.24 | 70.90 | 10.75 | 99.17 161 
26.10 9.64 1.30 | 45.70 | 16.45 | 98.19 166 
17.02 4.56 1.74 | 59.78 | 15.98 | 99.08 167 
16.10 6.74 2.28 | 51.25 | 23.02 | 98.39 171 
8.74 3.30 1.30 | 70.40 | 15.30 | 99.04 174 
Group E—55 to 70 feet Above the Pittsburg Coal. 
14.88 | 5.41 | 1.81 | 67.45 | 9.15 | 98.70 | 187 
11.20 | 3.46 | 0.80 | 68.00 | 15.75 | 99.21 157 
9.86 2.84 0.60 | 76.10 | 11.00 |100.40 160 
10.20 2.41 1.13 | 73.57 | 12.19 | 99.50 165 
14.06 4.33 1.13 | 66.31 | 12.71 | 98.54 170 
15.80 | 3.40 | 0.90 | 71.88 | 8.54 [100.52 149 
18.46 | 6.33 | 2.47 | 63.10 | 8.82 | 99.18 188 
11.60 | 3.17 1.25 | 73.60 | 10.00 | 99.62 | Close to drainage level. 147 
“Group F—75 to 85 feet above the Pittsburg Coal. | 
22.90 | 8.17 | 2.07 | 62.29 | 2.69 | 98.12 | 136 
14.50 4.56 1.40 | 76.78 1.21 | 98.45 143 
14.94 | 4.57 | 1.95 | 70.15 | 8.22 | 99.83 159 
3.14 0.74 0.90 | 92.48 1.84 | 99.10 | 20 feet above 22 in. coal 172 
7.24 | 148 | 1.20 | 87.47 | 2.40 | 99.79 153 
25.28 8.47 1.87 | 58.17 3.70 | 97.49 139 
14.32 4.82 1.66 | 73.67 6.20 | 99.67 140 
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Table VIII—Analysis of the Limestones 
Group G—Immediately Above the Meigs Creek Coal. 

















a} 
$ 
Bg Location of sample. Thickness and relative Position of the stratum 
4 
aw d a 
164 Belmont Co. ‚ Armstrongs Mills) 15 feet thick. ............... 0 cece eeee eens 
155 Bellaire ........ 14 feet thick. ..... 0... cc ccc eee cece cee 
154 Noble Co., Sumerfield ........ 10 feet thick, 35 to 45 feet below coal vein, 2 
Cet thick ....... ec eee cence ees 
145 | Washington Co., Lowell ...... 7 feet thick. ..... 0... cece ccc cece ees 
Group H—15 to 25 Feet Above the Meigs Creek Coal. 
168 Belmont Co. ‚ Armstrongs Mills| 13 feet thick........... 0... ccc ccc ee ee eee 
156 Glencoe ........ 12 feet thick, 24 feet above Meigs Creek coal. . 
144 Washington Co., Cow Run....| 7 feet thick.......... 0... ccc cece ee cee 
Group I—30 to 50 Feet Above the Meigs Creek Coal. 
162 Belmont Co. , Armstrongs Mills 6 feet 6 inches thick ...................04. 
163 13 feet 3 inches thick ..................... 
151 Monroe Co., Quarry P.O.. 7 feet just above coal blossom ............. 
152 ‘6 ' Mechanicsburg .. 6 feet thick... ....... ccc cece cece cece eens 
169 “ “ Woodsfield....... 11 feet thick. ......... ccc cee cece eee 
183 “ “ Fly P.O........ 11 feet 6 inches thick ..................... 
148 Morgan Co., McConnelisvilie . 11 feet, on Four Mile Run ................. 
150 ‘ “ ’ Stockport Le eeeee 11 feet 6 inches thick .................... 
146 | Washington Co., Lowell...... 2 feet 6 inches, just above sample 145....... 
Analyses of the Limestones of the Monongahela 
< 
& 
3 . Location of sample. Description of sample. 
ad 
a3 
E _ 
a | Belmont Co.............205. | Parkers cement stone (Dr. P. Schweitzer,1870) 
bl © © .iccccccecaceees arkers cement stone (Wormley, 1870)...... 
c “ “ “ Warnocks Station | Cement limestone ner) 1870)......... 
d en | Wegee cement rock (Wwormiey) stu eeeeeceees 
e “ OO ewe eee eee enees Wegee cement rock (Wormley)............. 
f “ Euer c ee eceeees Limestone, 18 inches above. cement rock 
ormley) .. 6... eee c cece cece eee enee 
g “ “ Putterey ........ J. F. Hutchinson’s cement rock „Wormley) .. 
h “ “ Bellaire ......... Cement stone (N. W. Lord, 1887)........... 
i Muskingum Co., New Concord. Pr Work Ames limestone, maybe above: 


Gute 
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of the Monongahela Formation—Concluded. 
Group G—Immediately Above the Meigs Creek Coal. 























Constituents. ‘S 
. & 

é 3 $ 8 3 E Total. Remarks. g © 
¢ | = | 2° | Bea | 3 ae 
= = ı5 |#38313 : FE 
wo < & | oO Ö & 

25.46 | 10.11 1.25 | 45.40 | 15.53 | 97.75 164 
25.12 9.48 1.60 | 36.35 | 25.18 | 97.73 155 
16.44 6.15 1.65 | 62.30 | 13.01 | 98.55 154 
14.84 3.93 1.65 | 65.09 | 14.54 |100.05 145 
Group H—15 to 25 feet Above the Meigs Creek Coal. 
17.10 4.90 1.24 | 58.93 | 16.87 | 99.04 | 168 
33.68 | 10.06 2.08 | 41.20 | 10.19 | 97.21 156 
12.60 4.89 2.44 | 67.35 | 10.41 | 97.69 | 144 
Group I—30 to 50 Feet Above the Meigs Creek Coal. 
29.16 8.43 2.69 | 44.23 | 13.56 | 98.07 162 
25.88 7.06 1.84 | 47.70 | 15.84 | 98.32 | 4 feet above 168. 163 
14.92 3.83 2.47 | 47.85 | 30.41 | 99.48 151 
23.53 7.77 2.79 | 40.79 | 23.71 | 98.59 152 
15.20 5.02 1.30 | 55.80 | 21.16 | 98.48 | Buff. 169 
26.48 | 7.28 | 2.30 | 50.50 | 10.75 | 97.31 183 
8.24 | 2.62 2.50 | 67.48 | 18.24 | 99.08 | Buff. 148 
14.66 | 3.51 1.85 | 67.30 | 12.78 {100.10 150 
16.80 4.76 3.00 | 44.08 | 28.44 | 97.08 | 146 
Formation, Compiled From Various Sources. 
Constituents. = 
u 5 E 8 
=. E 3 ii il Total. Remarks, 5 ä 
£) 8 |5 |'2,83 FE 
a < Fu © oO & en ee an 
A 4.85 | 3.10 | 72.10 | 11.15 | 99.67 | Moisture and loss, 0.33. | a 
29.80 : 13.80 | 41.20 | 15.36 [100.1 b 
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A study of the data set forth in Table VIII clearly shows the effect 
of the method of sampling, i. e.: the inclusion of the bands of shale which 
occur between the bands of limestone, which it was desired to bring 
into the sample. These shale bands run the silica and alumina in these 
analyses up to a figure markedly above what the limestone themselves 
would show. However, it is probably true that these limestones average 
high in sandy and clayey materials, when taken by themselves. On the 
other hand, it is improbable that the shales contain as much magnesia 
as the limestones do; hence, the magnesia percentages in these analyses 
are probably lower than would be the case if the limestone bands alone 
had been included in the samples. 

There seems to be no close adherence to a type, from group to group, 
or group by group. Group F from just under the Meigs Creek coal shows 
a uniformly low magnesia content, but wide variations in silica and 
alumina. 

From the facts before us, we can only generalize to the extent of 
“ saying that the limestones of the Monongahela formation are generally 
earthy, very generally magnesian, and very rarely pure. The magnesia, 
while fluctuating from two per cent. to thirty, averages about twelve 
to fifteen per cent. 


Uses.—The use to which these stones have been put is exceedingly 
limited, and indeed there seems but little likelihood that new uses of 
importance are soon to arise which will exploit them in an extended 
scale. Building stone can be obtained from them, in many places and 
of good quality. But, as the same hills contain also sandstones and free- 
stones in abundance, the harder limestone is not likely to be used for this 
purpose. 

For lime, the earthiness, the gray color of the product and the long 
and thorough burning necessary to get them into a condition to slake, 
makes them undesirable. 

For portland cement, with the exception of Groups F and A, there 
seems no promising material whatever. The limestones of these two 
groups do promise fairly well so far as their chemical constitution is con- 
cerned. The thickness is also within profitable limits for economical 
mining. The locations are at present generally inaccessible to rail, but 
this is a matter which can be rectified in various ways. The fuel supply 
from local sources is generally sulphury, and would be used for cement 
with reluctance. 

For hydraulic lime or roman cement there seems a much wider field. 
The materials have already been used for this purpose at Barnesville 
and at Bellaire. Both industries are now dead, and could not be revived 
on the old basis. But roman cements have a definite place in engineer- 
ing economics. They are inferior to portland cement for many purposes, 
but when they go under ground for foundations, and are used as mortar 
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for rough stone masonry, they are good enough, if not as strong as port- 
land. Their cost of production can always be kept lower than portland, 
if the same grade of engineering skill and intelligence is applied to the 
manufacture. At present, these roman cements are burnt in tall kilns, 
like limekilns, which make an uneven product for two reasons: first, 
irregular composition of raw material and no chemical control. Second, 
irregularity of burning with no tests to show same. Much material gets 
through with too little heat, and is not much better than common lime. 
Other portions become louped, or stuck together, forming a nearly inert 
calcium bisilicate, midway between the trisilicate of the portland and 
the lower silicate of the roman. The use of the rotary kiln, with accurate 
control of the temperature and rate of flow, and also the use of proper 
care in sorting the crude material, and in the final pulverizing, will do 
much to put this class of material on the market on a different basis from 
what it now occupies. The irregularity of composition. burning and 
physical behavior, makes the roman cement of today a somewhat risky 
material, where work of importance or precision is contemplated. 

It isa peculiar and asyet but poorly explained fact, that magnesia 
may constitute a considerable proportion of a roman cement with good 
results. Therefore, the principal disqualifications of the present group 
of limestones for portland cement is removed for roman cement man- 
ufacture. 


CHAPTER V. 


THE USES OF LIMESTONE IN OHIO 


BY S. V. PEPPEL. 


BUILDING STONE. 


Ohio is bountifully supplied with limestones of excellent quality 
for building and construction work. Much of this stone is so placed by 
nature as to favor economic winning, and there are innumerable locations 
favorably situated with reference to transportation facilities. The 
largest development has naturally occurred where transportation to good 
markets has been afforded at low rates. One of the prime factors in 
the promotion of the growth of the largest limestone producing center 
in the state for construction work was cheap transportation. From the 
table which follows it may be seen that Kelley’s Island, Marblehead 
and Sandusky have outstripped other centers of equal area. While 
water transportation has been a prime factor in producing this result, 
it has not been the sole cause of this large development. These prop- 
erties have had an aggressive business management, and the plants have 
been supplied with the best of modern equipment. Aside from the 
above, the stone was of such quality as to be very desirable for construc- 
tion work as well as of such a composition that there need be no waste 
from small rock and spalls, as they could all be used for manufacture 
into lime, or if too small for that, they were ground and sold to the glass 
trade for flux. 

The number of quarries operating on the Corniferous for building 
stone is far less than for those on the lower element of the Niagara group, 
yet the total production is much greater for the Corniferous than for 
any other limestone formation in the state. While the Corniferous, the 
Waterlime or Monroe and the Lower Niagara are the formations chiefly 
used for this purpose, all of the limestones represented in the geologieal 
scale for western Ohio are used to some extent for construction material. 
In many cases, however, the production is only of local importance. 

From the Carboniferous formation. the great sandstone and free- 
stone output is derived, which is much the largest part of the quarry 
output in the state for building purposes, but very little of the Carbon- 
iferous stone quarried for this purpose is limestone. 

Ohio produces altogether 1,325,000 perches of limestone an- 
nually for building purposes. The weights sold for a perch vary 
from 27,000 to 40,000 pounds. Rubble and light building stone sells 
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for eighty-five cents to a dollar per perch at the quarry. Bridge and 
heavy building stone at $1.35 to $1.75. Stones for specific purposes 
command much higher prices. When stones are cut at the quarry, the 
cost of dressing is added to the above price. For curbing, this is twelve 
to fifteen cents per linear foot; for window caps, sills and door caps, etc., 
sixteen to twenty cents per linear foot; for steps, etc., eighteen to twenty- 
five cents per square foot. 


The Quarrying or Winning of Limestone for Building Material, 
—The typical method of winning building stones in Ohio is to use 
hand drills and wedges to break the stones out. This crude method of 
operation is still the mainstay of the Ohio building-stone quarryman, 
for two reasons: 

First: The quarries are in the main comparatively small or are 
operated in conjunction with the production of lime or crushed stone. 
Only a few quarries in the state are working more than ten to fifteen men 
on building stone alone, and many only employ four to five men. 


Second: This stone, which aside from the few very large quarries 
comes mainly from the base of the Niagara group, occurs in such a con- ' 
dition as to be readily obtained in desirable dimensions by the most 
crude methods. It occurs for the most part in loosely-bedded, even 
layers of desirable thickness, with occasional crevices or dry cracks to 
furnish working faces. The stone while still in the quarry is usually 
soft and easily penetrated by the drill. The depth of hole required is 
always slight, usually only five or six inches and seldom as much as twelve 
inches. For the above reasons, methods of hand drilling, which would 
be entirely inadequate when working in most rock formations, are not 
only feasible, but effective and rapid, as practiced in Ohio. It 1s remarked 
how quickly and accurately a man skilled in the use of these long hand 
drills can sink a hole. Nor is the labor so severe on the back of the 
driller, as in the ordinary hand drilling practiced on harder rock, where 
a short drill is held and rotated by hand, while a heavy hammer is used 
or another man wields a sledge. 


The limestone quarryman’s drill consists of a light steel bar, about 
six feet in length, sharpened at one end to the ordinary cutting point 
used for the short drill bit. The operator stands up straight, and sinks 
the hole by raising and dropping the drill, turning it part of a revolution 
with each stroke. The workman does not seem to put much effort in 
the downward or driving stroke. The main energy expended seems to 
be in lifting the drill up for successive strokes. 

In the Corniferous and Waterlime (Monroe) belts, the bedding of 
the stone is much tighter, and more vigorous methods are necessary for 
the economic winning of the stone. In these formations but few quar- 
ries are operated for building stone alone, and as a rule compressed air 
or steam drills are available for the heavier work. In some cases in the 
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Waterlime, as at Greenfield, “pop shots” are resorted to to open up 
working faces, since the bedding is exceptionally tight at this point. 
Also the stone makes a good lime, and hence there is no waste occasioned 
by the spalls from these shots. This quarry is among those using 
modern equipment, and as may be seen from the table at close of this 
chapter, it is one of the larger producers of building stone in the state. 
The great majority of the output credited to Highland county comes 
from this point. The drilling is chiefly done with a tool known as the 
quarry bar. It is is an ordinary steam or compressed air drilling 
machine mounted on a horizontal rod, or bar, so that any number of holes 


6 
1 - J 4. i” 
[ = 


ss man am © © = = = 





Figure 8.—Quarry bar, or line drill. 


may be put in ina straight line covering the length of this supporting 
rod at one setting without shifting the mounting of the drill or drills. 

The Miami Stone Company operating in Lucas county, between 
White House and Waterville, is using another modern implement in 
disengaging the stone, viz: a channeling machine. This type of machine 
is much used for the quarrying of oolitic limestone in Indiana, in the 
marble quarries of the United States and in the great Ohio sandstone 
quarries. These machines are most used where the conditions are dif- 
ferent than those existing in Ohio limestones. It is a question whether 
they introduce much economy in working a well stratified stone occurring 
in comparatively thin beds. They are designed for use in quarrying 
huge blocks from massive beds of stone. The blocks usually cut are 
about six feet by six feet by four feet or larger. The quarry cost for 
channeling, labor, fuel, and loading is about six cents per cubic foot 
in the oolitic limestone district of Indiana, and considerably more than 
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this in marble quarries. This cost would be considered excessive for 
Ohio limestone quarries, but a channeling machine operating on the 
latter stone, where key blocks and beds would not have to be raised, 
would produce stone at a much lower cost than the above figures. With 
loose, even-bedded stone, in thin layers, it is likely that the channeler 
does not introduce much if any economy. The machine consists of a 
boiler and an engine, mounted on a track so as to be driven by its own 
power back and forth, the engine at the same time operating a set of 
chisel-shaped heavy bars which are lifted and allowed to fall, or are 
forced down by steam or air pressure as well. These bars are held at a 
definite height by clamps, and chop the channel to that depth as the 
machine advances. The cutting bars are let down as fast as needed for 
new cuts. A number of bars are clamped together to make the 
chopper on each side of the machine. These blows repeated rapidly 
soon cut a trench or channel two inches wide and as deep as convenient, 
usually four feet or less. By this machine, a block may be cut loose 
from the matrix on all sides, and lifted out of its bed without any strain 
or shock whatsoever. The cut may be extended straight ahead the full 
length of the track, which may be then extended, or moved at right 
angles, and cross cuts made. 

This machine would not be economical on Ohio limestones, unless 
a number of layers could be cut through at one time. 


Table IX—Production Per Annum of Building Stone, by Formations. 


Perches. 

Carboniferous ...........0.. 0.020 ccc cee en eee 1,153,564 
Lower Niagara ..........0..0.0 00. cece cence tees 122,569 
Waterlime .........:. 2 oo con ce eee 32,245 
Hudson River.............. 0.0.0 e een eee 11, 
Clinton ......00 00000. c ccc ccc ce cnn enn 1,406 
Upper Niagara ............ 2.0... e eee eee 4,500 

Total... ER 1.325,284 


Stone not sold by the perch was roughly estimated in perches. 


CRUSHED STONE. 


The last five years has witnessed an enormous increase in the crushed- 
stone industry in the state. Many quarries are operated for this product 
alone; others run crushers only as a means of disposing of the waste 
rock, such as spalls from building stone, and pieces too small to go into 
the lime kiln. 

Crushed stone is made from all of the limestone formations in the 
state; the major portion, however, is supplied by quarries located on the 
Corniferous and Waterlime. Crushed stone has three distinct fields of 
usefulness, viz: flux, road-metal and railroad ballast, and as the main 
constituent in concrete work of all classes. The growth of the latter use 
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has been phenomenal in the last few years. Concrete, consisting of 
mixtures of crushed rock, sand and lime, is being made into monolithic 
structures of all sorts, some reinforced with steel, others not. Much 
concrete is also going into solid blocks of special shapes. Hollow con- 





Figure 11.—Casparis quarries, Columbus, O. Loading the product 
of a blast into cars. 


crete blocks are now made, closely resembling cut stone and are being 
laid in the wall at a lower cost than that for which the stone could be laid 
down on the ground. 


When used as a flux, it enters three industries. 
First: It is shipped up the lakes to the copper smelters. 


Second: The blast furnaces and foundries of Ohio and western 
Pennsylvania use enormous quantities of Ohio limestone, for fluxing the 
impurities of iron ores into a fusible slag, from which the molten iron 
may separate bv gravity. 

Third: For the manufacture of bottle and window glass. For 
this purpose, much limestone is crushed and ground to a twenty mesh 
or finer powder, the spalls and refuse too small for advantageous burning 
in the limekiln usually being utilized in this way. 


The main requirements laid upon limestone to be used for metal 
smelting is first a fairly high content of calcium carbonate and corre- 
spondingly low silica and alumina; second, practically no phosphoric 
_ acid or sulphur. The Corniferous limestone is the only formation which 
meets these conditions in the large way. There are a few localities in 
the coal measures, such as Hanging Rock, Scioto county, and Lowell- 
ville, Mahoning county, where limestone is found which also meets these 
requirements. 
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A little dolomite is used as a flux in some special industries, and for 
furnace linings in the basic process of steel manufacture. 

For use as a material in the manufacture of bottle and window glass, 
the requirements are somewhat different. The strongest requirement 
is that the oxide of iron must be absent, or at most only faint traces 
of it. A high proportion of calcium carbonate is desirable, and usually 
insisted upon. Practically no dolomite is ground in the carbonate form 
for this type of glass, but large quantities of it is ground in the calcined 
or lime condition for use in the manufacture of flint and plate glass. 





Figure 12.—Casparis quarries, Columbus, O. Hauling the rock to the crusher. 


When the entire quarry output is of, such a composition as to make 
it desirable in the manufacture of bottle and window glass, and the 
quarry as operated is clean enough—i. e., free from contamination from 
stripping, and mud seams—as is the case in a few Ohio quarries, the 
screenings, dust, etc., from the crushers is run to the grinders and pre- 
pared for the glass trade. Where the stone is contaminated by clay or 
gravel from the stripping, the dust and finest screenings must be discarded 
for this purpose. The number of quarries where everything can be used 
for this purpose is small. The prevailing method of fine grinding after 
the first crushing is to use either buhr mills, like the Sturtevant vertical 
rock emery mill, or impact pulverizers such as the Williams mill. The 
- Corniferous formation furnishes most of the ground limestone which is 
sold from Ohio quarries to the bottle and window glass factories. 

Almost any of the limestones of the state will make good road metal, 
or railroad ballast, and material for use in concrete construction. The 
railroads are the largest consumers of this product. The Waterlime 
formation probably furnishes the most railroad ballast, but not the 
largest amount of crushed rock for all purposes. 
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Aside from the above, each year sees more crushed limestone, 
especially the screenings, used in concrete construction. A great deal 
of the ground screenings from ballast and flux crushers is now taken by 
fertilizer manufacturers, and chemical works, for neutralizing acids. 

There were crushed in Ohio in 1902 about 2,954,058 cubie yards 
of stone, including all kinds. This amount was made up from the fol- 
lowing amounts from each formation: 


Table X—Production of Crushed Stone, by Formations. 


Cubic yards. 





Corniferous .........0 2.000 e tence eens 1,717,580 
Waterlime ............ 00.2. eens 711,190 
Upper Niagara ........ 0... cece eee ees 44,730 
Lower Niagara ..... 0.000... ccc cece eens 58,365 
17) 33,454 
Hudson River and other formations................. 388,739 
Total... 0... ccc ccc e nee eens 2,954,058 


The weight of crushed stone sold for one cubie yard varies from 
2,240 pounds to 2,800 pounds. 


The average price paid for labor around the quarries and lime plants 
was, for 1901, 14.8 cents per hour; for 1902, 16.3 cents per hour. Average 
labor cost remained about the same for 1903, 1904, and 1905 as for 1902. 


The crushed stone industry of Ohio is large and its output ranks well 
to the front among the list of stone-producing states. Ohio possesses 
two stone-crushing plants which, if not the largest in the United States, 
are certainly among the greatest. One of these is located at Marblehead, 
near Sandusky; the other at Marble Cliff, near Columbus. The latter 
is the property of the Casparis Stone Co., which is one of the largest op- 
erators in the production of crushed stone, fluxed rock, rubble and dimen- 
sion stone in the United States. While this company operates quarries 
in Ohio, Indiana and Illinois, their largest crushing plant is at Marble 
Cliff, Franklin county, Ohio. This plant has been remodeled and rebuilt 
within the last few years, and is one of the most modern in equipment. 
For the coarse crushing, or for the manufacture of flux and ballast, the 
Allis-Chalmers equipment or gyratory crushers of the Gates type are 
used. For the fine pulverizing, both Williams and Jeffreys impact 
pulverizers are in use. The present management speaks very highly 
of the efficiency of the impact pulverizer made by the Jeffrey Manufac- 
turing Company. This was formerly known as the Scoellhorn-Albrecht 
pulverizer, manufactured at St. Louis, but has been bought, improved 
and modified by the Jeffrey Manufacturing Company. The plant has 
a crushing capacity of over 4,000 tons per day. The power used at this 
plant for general purposes is about 750 horse power, all generated by 
Corliss engines. The Ingersoll-Rand compressors are in use and require 
about 400 horse power. The crushing plant consists of Gates crushers 
No. 9, No. 714, two No. 6s and two No. 4s, and in the grinding depart- 
ment three pulverizers are in use. 
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Machinery and power is used wherever possible and labor cost re- 
duced to a minimum. Automatic dumps are arranged for the cars 
which come up to the crusher laden with stone. At other points air 
hoists are used to dump the cars. The quarry is a network of track, and 
small locomotives haul the cars to the base of the incline that reaches the 
crushers. This quarry and plant is one of the most economical in opera- 
tion that can be found anywhere in the state. This plant is also probably 
the largest shipper of flux stone in the state. It is located on the Cornif- 
erous formation, which is peculiarly well adapted for this purpose, both 
in physical character and composition. 

The main products shipped are flux rock, ballast, crushed stone for 
concrete, ground stone for glass manufacture, fine stone and dust for 
surfacing roadways and ground limestone for fertilizer works. To be 
used for flux, the stone must be broken enough to pass a four- 
inch ring and remain on a two-inch ring. Ballast stone passes a two and 
one-half inch ring and lodges on a three-quarter inch ring. For concrete 
work all material should pass a one and one-fourth inch ring. For sur- 
facing roads, a three-fourths inch ring is used and all which passes through, 
including .the dust is used. For fertilizer manufacture, only very fine 
material is shipped, and for the glass trade the stone is reduced to 22 
mesh. It is probable that over half of the product of the Marble Cliff 
quarries is shipped for fluxing purposes, about 0.3 to 0.4 for ballast, the 
balance being used for ground limestone and for concrete and other 
purposes. While dimension and rubble stone are taken from these 
quarries, and area matter of some importance there, they are not nearly 
so important as the crushed stone output. 


LIME. 


The lime industry of Ohio is large, the product being used not only 
for local consumption, but also being shipped into adjoining states. In 
~ smaller amounts it enters the markets of a majority of the states of the 
Union, and in the hydrated form it has entered the export trade. The 
quality of Ohio limes is widely and favorably known. Ohio has been 
a large producer of lime of the highest grade for a great many years, and 
has been putting on the market every type of lime except perhaps the 
extreme high-calcium, low-magnesia limes. The earlier chapters have 
shown that Ohio has good locations for the production of this type also. 
Should the chemical industries of the country show sufficient demand 
for very hot, pure, and low magnesia lime, there is no doubt but what 
there will be those in Ohio who will furnish it. 


The dolomite limes have probably received wider distribution than 
the limes higher in calcium oxide, on account of their great purity and 
desirability for use in the manufacture of wood pulp for paper by the 
sulphite process. For this purpose, large quantities have been shipped 
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to Canada, Maine, New York, North and South Carolina, Georgia, 
Washington and Oregon, and Colorado, notwithstanding that in many 
cases they had to pay a freight charge of twenty-five cents or more per 
hundred pounds. They have done this when there were dolomite limes 
being made much nearer the pulp-mills. The pulp-makers have felt 
that the purity and quality of the product Justified the additional cost. 


The high-calcium or hotter limes have been shipped great distances 
for chemical purposes. They are much used and found very desirable 
by sugar factories, acetic acid and calcium acetate plants, as well as in 
the manufacture of soda ash. 


As pointed out elsewhere, the lime industry is now located in centers, 
where the stone is of good quality and transportation facilities are good. 
It is not to be concluded that the industry is limited to these sites, for 
lime of excellent quality may be made in many hundreds of localities 
which chance has not yet provided with an outlet or local demand. 


Without attempting to discuss at this point the technology of the 
lime industry, it should be said that the term lime is a very loosely de- 
fined term, having no accurately fixed meaning in common practice. 
It may be defined as the residue of a limestone, left when all volatile 
matters have been expelled by heat. Calcium oxide is the active chem- 
ical ingredient of lime, but the amount of this oxide which a calcined 
stone must have to be classed as lime is not fixed by custom or statute. 
By general consent, the term limestone would be restricted to rocks con- 
taining sufficient carbonate of calcium to make a caustic product after 
burning, which product would either slack on exposure to water, or by 
hydraulic changes harden into a cement. The carbonate of calcium or 
calcite may be replaced in whole or in part by another mineral, dolomite, 
which is the double carbonate of calcium and magnesium, containing 
fifty-six parts of calcium carbonate and forty-four of magnesium car- 
bonate. Dolomite is a real mineral, having a definite crystal form, 
fixed composition, and properties different from either calcite or mag- 
nesite. 

A dolomite limestone is made up of crystals of this mineral, mixed 
with sandy grains, clay, oxide of iron and alumina, etc., just exactly like 
the pure limestones, of which calcite is the body mineral. 


Other limestones are common, in which the proportions of car- 
bonates of calcium and magnesium do not represent either calcite or 
dolomite, but apparently represent a mixture of those minerals. In 
such cases the proportions of magnesium carbonate may range from 0 
to 44 per cent. There are a few analyses that indicate that the carbonate 
of magnesia in some limestones is higher than the dolomite ratio. Such 
cases must be considered as mixtures of dolomite and magnesite, unless 
an error was made in the analysis. In many limestones, there seems 
little evidence of the existence of crystalline minerals, either calcite or 
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dolomite or magnesite, but the stone consists of an apparently amor- 
phous paste of fine precipitated carbonates, indistinguishable by the 
eye or by any means except chemical analysis. 

‚Since all these various stones are called limestones in the trade, 
and in general scientific literature, it follows that their products on cal- 
cination are all limes. Unless specification is made in an order for lime, 
the customer may be served with any of the various kinds. 


Glassification of Limes. —Owing to the difference between the heat 
developed by the hydration of calcium oxide and magnesium oxide, 
Ohio limes are divided into two classes: hot, gray or high-calcium limes, 
and cool, white, or dolomite limes. There should be a third grade 
recognized, since it is actually represented in the trade, i. e., one which 
is intermediate between the two extremes. This might be classed as 
moderately-hot, or magnesian lime, to separate it from the dolomite 
limes, which contain much more magnesia than this intermediate class. 
The dolomite limes are today frequently called magnesian limes, as dis- 
tinguishing them from the hot or high-calcium product. 


Distribution of the Lime Industry.—The hot limes of Ohio are repre- 
sented by the limes burned at Cincinnati from the Hudson River group, 
which is highly calcareous; the lime burned at Marble Cliff near Colum- 
bus; and that burned at Scioto, west of Delaware. At both of the latter 
places, limestone from the Corniferous horizon is burned. The lime 
produced is almost white. The Clinton formation, at Piqua, Miami 
county, also produces a hot lime, though no large amount of it is burnt. 

The moderately-hot limes come, with one exception, from the Cor- 
niferous. The principal localities are Marion county, Marblehead, San- 
dusky, and Kelley’s Island. The exception is New Paris, where the 
lower Niagara stone is burned. 

The cool limes are found as the product of all lime kilns on the 
Lower Helderberg and Niagara horizons. 

The centers of production of lime are Marion and vicinity; Marble- 
head, Kelley’s Island and Sandusky, including eastern Ottawa and Erie 
counties; the dolomite interests in the northwestern portion of the state 
are covered mainly by the plants located on the Niagara in Sandusky, 
Seneca, Ottawa, and Wood counties; Springfield, Clark county, and 
vicinity. The two first named are on the Corniferous, while the two 
latter are mainly located on the Niagara formation. 

Although so large a portion of Ohio is covered with limestones of 
the highest quality for lime-burning, usually accessible at numerous 
points in every county, the fact remains that the lime industry is becom- 
ing less and less common over the country at large and more and more 
confined to the few foci named above. 


15—S. G.—Bull. 4. 
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+ It is probable that the four prime factors in the localizing of lime 
production were: 
First: Proximity to good markets or ready access to large territory 
which has no limestone adapted to the manufacture of a high-grade lime. 
Second: Purity of the limestone—i. e., freedom from discoloring 
substances. 


Third: The thin covering of earth over the stone, by which the 
cost of stripping is kept low. 


Fourth: The availability of labor of good quality at a reasonable 
price. This is a more important factor than it is generally considered 
to be. It is dificult to keep good men at work for any length of time 
in isolated localities, especially if the plant be a small one, only employ- 
ing a few men. In such cases, it is usually necessary not only to pay 
the superintendent and foreman greater salaries to induce them to re- 
main, but common labor, except in rare cases, is higher, and the workmen 
are more unreliable and more independent as to the amount of time they 
will devote to work. Of course, there are occasions where other factors 
will more than counterbalance these disadvantages. Thus, while at 
an early date each neighborhood produced its own lime, burning it in 
small intermittent kilns, or even in loose heaps on the ground, the trade 
has gradually concentrated at certain points under the influence of the 
above factors, until now we find the industry very strong and influential 
as a wealth producer in some counties, while other adjoining counties 
possessing the same mineral endowment are unable to get a start. 





Effect of Centralization.—This centralization has had a salutary 
effect on the industry in Ohio. It has been the main factor in 
bringing the industry from one of local importance to one of interstate 
and even national importance. It has materially increased the com- 
mercial importance of the state as a whole, bringing in large sums of 
money from other states which are using this Ohio product. It has 
fostered the organization of large and aggressive companies, which have 
bought up and operated many of the small plants as one unit. It has 
fostered the united efforts of all Ohio lime manufacturers in a common 
cause, the widening of the market for Ohio limes and prosecuting the 
search for new uses for them, as well as for improvements in their manu- 
facture. At one time in the history of the Ohio lime trade, the very 
existence of the high-calcium interests was threatened by the very rapid 
increase in the use of portland cement in all brick and masonry con- 
struction, and the wide use of concrete. Brick and masonry construc- 
tion was the main use for the strong limes at that time. While there is 
no doubt that the increased use of cement did check the growth of the 
plants manufacturing the higher calcium limes, they were not permanent- 
ly affected and today they are producing approximately as much as 
formerly. They have found new avenues through which they could 
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dispose of that part of their produce which was not taken up by the large 
increase in building operations, although the percentage of their product 
entering construction work is gradually decreasing in favor of an in- 
creased use of portland cement. . 


Recent History of the Industry in Ohio,—In 1898, the dolomite or 
white lime industry of the state was at alow ebb. It looked as if this 
phase of the industry was to be confined to burning in the small way 
for local consumption only. The factors which brought about this con- 
dition of affairs were: First: The well organized and aggressive attitude 
of the high-calcium lime manufacturers, who gradually forced themselves 
into markets formerly controlled by dolomite lime interests. Second: 
The lack of organized and consistent effort on the part of the dolomite 
lime manufacturers. Third: The dolomite lime industry consisted of a 
large number of small operators each running only a few kilns, which 
were not of the most economical type. The other lime interests of the 
state were confined to a few large and well equipped plants. Fourth: 
About this time the hard wall plasters were making serious encroach- 
ments on the trade for interior wall finish, which had been in former 
years largely supplied by the dolomite lime manufacturers. At this 
time hydrated lime was almost an unknown commodity, and the hard 
wall plaster manufacturer used but little lime in his mixture. 


This same date, however, marks the beginning of a period of pro- 
gressive and rapid development for the dolomite lime industry of the 
state. Some of the old manufacturers realized the existing conditions, 
and put more money into their plants, and made extensive improve- 
ments, and put more energy into their business policy. Others who 
had confidence in the quality of dolomite lime and its products, and who 
realized its possibilities, bought up good locations and built modern 
plants. Both the old and the new manufacturers took up an energetic 
and aggressive policy and eventually joined hands in a common course 
—i.e., the promotion of the use of dolomite limes, as well as the improve- 
ment of the quality of the product wherever possible to do so. The 
result was that the number of operating kilns making dolomite lime has 
increased almost one hundred per cent. since that date. On the other 
hand, while there have been several new and modern plants built on 
the high-calcium belt, there has been no material increase in this period 
in the number of operative kilns. While there is today a larger number 
of kilns in the high-calcium belt that could be put in commission on short 
notice, than there is in the dolomite field, the total annual production 
is slightly in favor of the dolomite limes. There are several reasons for 
this condition of affairs. First: The dolomite limes being less energetic 
in their slaking and less susceptible to atmospheric influences can be 
stored longer without material deterioration than the limes higher in 
calcium oxide. This permits the dolomite lime manufacturer to keep 
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his kilns in more continuous operation than can his competitor who is 
making a hotter lime. Second: The great bulk of hydrated lime produced 
in the state comes from the dolomite horizon, and this product can be 
stored indefinitely or until such time as market conditions demand its 
movement. Third: The majority of the agricultural lime shipped is 
from the dolomite centers, and for this purpose the lime may be held ~ 
in storage for a longer period than when it is to be used in construction 
. work, since the presence of air slaked lime is no serious detriment to its 
use in the neutralization of soil acids, and the release of plant foods from 
the various fertilizers and soils, many of which are sparingly soluble in 
the absence of some catalytic or carrying agent, such as calcium and mag- 
nesium oxides. An Eastern lime manufacturer, burning dolomite, who 
has a large agricultural trade, is building a large steel tank which will 
hold many car loads of ground lime, so that he may be able to keep his 
kilns in continuous fire during the winter, and be ready to meet the heavy 
spring demand, which at that period is far in excess of his capacity. 
There will not be any great amount of air slaking, as a thin coat of air, 
slaked or hydrated lime on the surface will protect the main body of lime- 
making it almost air tight. From the above statements it is evident 
why the continuous operation of dolomite lime kilns is not interfered 
with as materially by changes in market demands, as in the high-calcium 
plants. This means that the hot-lime manufacturer, in order to meet 
the emergencies, must possess greater kiln capacity than he can keep in 
constant operation. 

The Kelley Island Lime and Transport Company is the largest 
single producer of lime within the state. They own about seventy-four 
kilns in the state, and six or eight more at Duluth, Minn. The latter 
are supplied by stone shipped by water from Kelley’s Island and Marble- 
head. It is probably safe to state, however, that their annual output 
does not exceed sixty per cent. of the total capacity represented by these 
kilns. Their properties located at Kelley’s Island, Marblehead and San- 
dusky are very favorably situated with reference to large and good 
markets, being in easy reach by water transportation of such centers 
of population as Detroit, Toledo, Cleveland and Buffalo. This firm 
maintains a number of large warehouses in Cleveland, from which they 
distribute a general line of builders’ supplies as well as lime and cement. 
They own and operate a number of large boats for the handling of their 
output, as well as a railroad on Marblehead which connects with the 
Lake Shore road. It is a significant fact that this firm, which up to 
this time has produced nothing but high-calcium lime, has within the 
last year purchased the sixteen kiln plant and property of the Toledo 
White Lime Company, at Clay Center, which is a producer of dolomite 
lime. It is probable that this firm realized that if they wished to main- 
tain their former supremacy in the lime market, they must have at least 
one plant producing good dolomite lime. There is no doubt but that this 
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newly acquired property will be put in the best of condition, and oper- 
ated mainly for the production of a hydrated lime. Lime has been 
hydrated at Marblehead for some time, but the product has not been 
as well received as the hydrated dolomite lime, which gave a whiter 
mortar. 

The Marion district has a much larger territory available, but not 
so many large centers of population in easy reach, to stimulate the pro- 
duction of lime. While it does not have theap water transportation, 
it has excellent railroad facilities for shipment, being tapped by a number 
of good systems which make large territory available for direct ship- 
ments. The dolomite section of northwestern Ohio is close to Toledo, 
and has ready access to Cleveland and Pittsburg and the territory to the 
west and northwest in the adjoining states of Michigan, Indiana, and 
Illinois, but is not confined to or dependent on these points, since this ' 
section is putting its lime output into more states than is any other Ohio 
lime center. 

The Clark and Highland county center supplies southern Ohio, 
Springfield, Dayton, Cincinnati, and such trade in southern Indiana 
and Kentucky as demands a very white lime. 


Lime Production.—The lime production of the various larger dis- 
tricts is about as follows: 


Table XI—Lime Production by Districts. 


Bushels of 

70 pounds 

per annum 

Kelley’s Island, Marblehead and Sandusky........... 2,270,000 
Marion county and vicinity ................0...00 ee , 

The northwestern Ohio dolomite center.............. 3,317,000 

Piqua, New Paris, Cincinnati.................220005 ‚000 

Clark and Highland and vicinity, the southwestern 

Ohio dolamite center.......... 0... ccc eee cee 1,147,000 

Total... 0... ccc cece cece e ence enna 8,820,000 

Lime above 65% calcium oxide .................20:+ 4,356,000 

Dolomite lime or that below 65% calcium oxide...... 4,464,000 


The production by formations is approximately as follows: 
Table XII—Lime Production by Formations. 


Corniferous eee eee erect eee ceca ecesecesceces 4,106,000 
pper Niagara ...... 0... ccc ccc eect eee e eee nenne 3,205,000 
Lower Helderberg, or Waterlime .............0.205- 1,259,000 
Lower Niagara ...... 0. cece cece ec eee nennen 72,000 
Clinton... 0... ccc ccc ccc cc cece cree cscs ce seees 72,000 
Hudson River........... ccc ccc ccc cece cece csceces 70,000 

Total... cc ccc ccc ccc cece cc cee eect cece sce eees 8,784,000 


The production of lime in Ohio for the last few years has hung 
around 8,500,000 bushels of seventy pounds each, per annum. The 
capacity for production within the state could very quickly and easily 
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be increased by twenty-five to thirty per cent. more than this, by making 
repairs on kilns now idle, and keeping them in something like continuous 
commission. 

From the above tables, it is seen that the production of the dolomite 
lime has a slight lead over the high-calcium product. This was prob- 
ably not the case five years ago. 

An Ohio manufacturer who has been devoting considerable time 
and energy in procuring information of this sort, made the following 
estimate of the total tonnage of lime and lime products for the state 


for 1905: | 
Table XIII—Total Lime Production of Ohio. 


Tons of 2,000 
pounds each. 


| Lump lime (bulk and barreled) three-quarters of which 


1; was high-calcium lime eseees nite dblomite 000 58,000 
aime for agricultural purposes, olomite ...... j 
Ground lime, mainly Solomite rn y cece eee eeeees 46,000 
Hydrated lime, mainly dolomite.................06. 65,000 
6 Ac): Cn 222,000 


This estimate is undoubtedly very close for agricultural ground 
and hydrated lime, as the person in question is in a position to know 
what is being done in those lines, but this estimate seems to the writer 
to be far too low for bulk lime. His figure for bulk lime should be in- 
creased by about 62,000 tons to represent true conditions in Ohio, thus 
making the total tonnage of lime in its various forms, 284,000 tons. 
The total tonnage of Ohio might then on this basis be approximately 
proportioned as follows: 

Table XIV—Classification of Estimated Lime Production, by Percentages. 


of tot 

tonnage. 
Lump lime ........ 0. cece eee e eee nent nee eenees 42.3 
Lime for agricultural purposes ................+6. en 18.6 
Ground lime .............. cece cee cece eect een sere 16.2 
Hydrated lime ............... cc cece e cece cence ecees 22.9 
Tota]... ccc ccc cece cent eee et nennen 100.0 


While the estimates on which the above is based are probably a 
little low, due to the ignoring of a number of small and isolated plants, 
which are not kept in continuous operation, the true relation of the 
amounts of the various products to each other is exceptionally close to 
the above figures. 

Another manufacturer who is not producing hydrated lime, but is 
known as a strong factor in the agricultural trade, as well as in the paper 
and glass trade, gave the following as representing the distribution of 
his product for 1905 as shown by his books: 

Table XV—Classification of Estimated Lime Production, by Percentages. 


Per cent 
of total 
tonnage. 
Bulk lime 2... 2. ccc ec cee eee teen e eee 25.0 
Barreled lime (come of which was ground) .............. 40.0 
Lime for agricultural Purposes ( (crushed only) ........... 25.0 
Ground lime (reduced to 80 mesh) for the vias trade and 
for 8praying ........ cece cee cece reece eee eeeeees .0 


0 0) :) ner eennnenun nn 100.0 
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New Forms of Lime.—The ground lime sold for building purposes 
was not included in the ten per cent. given. The demand for ground 
lime in the building trades is considerable and constantly growing. It 
keeps well in barrels and slakes more rapidly and leaves less waste 
material when the putty is screened for use on the walls, and when used 
unscreened for mortar, there are no stones or large particles to inter- 
fere with the rapid laying of brick or stone. The price of ground lime 
is almost the same as that of lump lime, so this offers no drawback to 
its increased use. 


In the last ten years, we see a great change in the trade demand or 
manner in which lime is put on the market. Ten years ago, crushed 
and ground lime was but little known and hydrated lime was not on 
the market, at least not as a well recognized commodity, and lump hme 
constituted ninety five per cent. of the output. Today, considerably 
less than fifty per cent. of the lime leaves the plant in the lump or un- 
treated form; in fact, over sixty per cent. of the lime manufactured in 
Ohio does not go on the market in exactly the condition in which it 
was drawn from the kiln. 


Ohio producers were the first to grind lime for the trade. If not 
the first, they were among the pioneers in the introduction of crushed 
lime for agricultural purposes. It was first considered as a fertilizer, 
and is still so called by many farmers. The Ohio lime producer with 
characteristic energy in his efforts to gather all useful information for 
his customers soon found out that it could not be classed exactly as a 
fertilizer, but must be considered rather as a liberator of plant food, 
instead of being the food itself. In other words, he found out from agri- 
cultural chemists that lime acted as a medicine for sick soils, and as a 
stimulant to the action of fertilizing agents held in the soil, or bodies 
deposited, on or within the soil, which were practically inert without 
the presence of a neutralizing, carrying or transposing element such as 
calcium and magnesium in their various compounds. The oxide or 
quicklime naturally was found to be the most active agent for this pur- 
pose. The Ohio manufacturer has done a great deal in the way of dis- 
seminating information as to the office which lime performs in the growth 
of plant life. He has tried to show what soils need lime, when they need 
it, and how much should be used. He has distributed the results ob- 
tained by other investigators as well as his own experiments in this 
direction. As a result, lime for agricultural purposes is today an im- 
portant factor in the lime production of the state. 


Ohio is undoubtedly the pioneer state in the production of hydrated 
lime in a merchantable form, and in commercial quantities. It is very 
probable that the first hydrated lime, made to be sold as such, was pro- 
duced in Ohio. From a very modest start, about ten years ago. the 
hydrated lime industry has grown steadily until today it stands as one 
of the most important of the products of the state’s mineral resources. 
Ohio is probably producing at least twenty-five per cent. of all the hy- 
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drated lime manufactured in the United States. Hydrated;lime,is nothing 
more than slaked lime in a dry powdered form, which has had all the 
unslaked cores and coarse impurities removed. It is put on the market 
in sacks, either paper or burlap, and can be used for nearly all purposes 
for which quicklime proves desirable. 


The Marketing of Ohio Lime.—Ohio limes are sold by weight. 
The prices named below are for a hundred weight or ton although 
quotations frequently are given by the bushel or barrel. Forlump lime, 
seventy pounds net is considered a bushel, and one hundred and eighty- 
five pounds neta barrel. When lime is shipped in bulk by the carload, it 
is usually sold by the ton. When it is shipped in barrels, the cost of 
the barrel and the cost of the labor of putting the lime into the barrels, 
and heading it up, is added to that of bulk lime. In 1905, the cost of 
barrels ready to fill was about twenty-one cents each. Barrels of 
ordinary size are used, with fifteen and one-half to sixteen and one-half 
inch heads, and twenty-eight and one-half inch staves. Anempty barrel 
weighs fifteen to sixteen pounds. A barrel will hold about four hundred 
pounds of ground lime, or two hundred and fifty to three hundred pounds 
of hydrated lime. Very little ground lime goes into barrels, and prac- 
tically no hydrated lime is moved in this type of package. The follow- 
ing prices are a fair representation of market conditions in 1905. Of 
course there were fluctuations up and down, governed by the law of 
supply and demand. Variations in price were also made in some in- 
stances to meet competition from some points, or to help out on heavy 
freight charges for long shipments. 


Table XVI—Prices, F. O. B. Cars at Plant. 
Per ton of 2,000 


Lump lime in bulk..... 22... 0.2 ee ee eee ees $3.25 to $3.75 
Lump lime in barrels. .............---- cee eees 5.50 to 6.00 
Lime for agricultural purposes in bulk........... 3.50 to 4.00 
Ground lime in bulk ......................0068. 3.40 to 4.00 
Hydrated lime in bulk.............0..-2 see eee 4.75to 5.25 
Hydrated lime in 40-pound ‘paper sacks.......... 5.50 to 6.00 
Hydrated lime in 100-pound burlap bags*........ 5.75 to 6.25 


Market conditions are good in the lime industry at the present time, 
and have been so for several years. The demand for lime has been large, 
but the supply has been up to the demand. Prices have been reason- 
able, yet high enough to give the lime manufacturers a fair profit. The 
feeling among various manufacturers is very friendly, and it is likely 
there will be no serious price wars in the near future. 


Cost of Production.— Through the courtesy of W. S. Sutliff, of the 
Seneca White Lime Company of Fostoria, the costs of production at 
that plant as taken from the company’s books for the first eleven 
months of 1905 are given. This is a well equipped and modern plant, 


*Burlap bags returnable at 10 cents each. 
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under good management. If this plant could not make a good profit, 
the small and poorly equipped manufacturer would surely be hard pushed 
to do so. This plant will be described in detail later. The fuel used 
is natural gas. 

Table XVII—Cost of Production. 


Mary pounds. 


The feed for teams, cost of explosives, and allowances for repairs 
were not included in Mr. Sutliff’s analysis; it may be seen that the lime 
business of the state is being handled on a very close margin. If any- 
thing, the lime manufacturer is not getting enough for his product, since 
when the omitted costs are added in the above schedule, the margin for 
profit is very small. Market conditions in the different cities vary 
markedly as to the distribution of lime for various purposes, as is in- 
dicated by the following statements with reference to the sale of lime 
made by the largest dealers in builders’ supplies in three of the large 
cities of the state. The first of these dealers says: 

“We believe that notwithstanding the fact that we have hard wall 
plaster plants in our city, that fully seventy-five per cent. of the interior 
walls in this city are being put in with lime mortar, and that over half 
the lime sold here is used in that way.” 

A second dealer says: ‘‘As far as our business is concerned, we 
sell about one-half of the lime which we purchase for plastering purposes, 
and the other half for brick laying. Years ago, before hard wall plaster 
came into the market, we sold bulk lime in a different proportion; about 
two-thirds of the lime was then sold for plastering and one-third for 
brick laying. This, naturally, refers to our market only. 

“While a good deal of hard wall plaster is now sold for plastering, 
some of our best contractors just now use ground or hydrate lime for 
plastering also, and we are now furnishing a few large jobs on these 
lines.” . 

The third dealer says: ‘‘About ten per cent. of the lime handled 
by us is used for interior walls, as ninety-five per cent. of the plastering 
in this district is done with patent plasters. The other ninety per cent. 
of our lime is used for laying brick, stone, and work of this character, 
but I wish to state that cement is replacing lime for this class of work, 
as our lime trade is but twenty per cent, of what it was three or four 
years ago. 

HYDRATED LIME. 


Within the last few years a new product has been put on the market 
by Ohio manufacturers, known to the trade under various names, such 
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as ‘Rock Wall Finish,’ ‘‘White Rock Finish,’ ‘New Process Lime,” 
“Standard Rock Wall Finish,” ‘‘Limona,” etc. This new product is 
hydrated lime, or quicklime which has been slaked. 

The slaking may be carried on to a point where the resultant ma- 
terial is a wet paste, or putty. In this case, the putty has to be dried 
and ground to a fine powder. Or, by adding just water enough to slake 
the lime, the heat generated is sufficient to dry off the excess water, 
and leave the product as a dry powder. In either case, unslaked lumps 
have to be removed by screening. 

If the lime were pure, and hydration complete, this would mean, 
theoretically, that each one hundred pounds of lime treated would be 
increased in weight by this hydration by-from thirty-two to thirty-seven 
pounds, depending on the composition of the lime; magnesian or dolomite 
lime, theoretically, would take the greater increase in weight. Inother 
words, for each one hundred pounds of quicklime, we should expect 
from theory to get one hundred and thirty-two to one hundred and 
thirty-seven pounds of hydrate. 


But the lime is never entirely pure, nor is hydration often entirely 
complete. What is actually obtained in practice with dolomite lime 
is an increase in weight of eighteen to twenty-five pounds per hundred 
pounds of quicklime treated, depending on the lime and the treatment 
“ which it receives. With the high-calcium limes it is possible to intro- 
duce more water by mechanical slaking. For this type of limes, each 
one hundred pounds of gujcklime take up from twenty-three to thirty 
pounds of water. 


Hydrated lime, when ready for the market, is a powder of almost 
impalpable fineness, snow white and very beautiful to look upon. It 
is put up in neat, easily-handled packages. It is shipped in paper bags 
of forty pounds each or in burlap sacks of one hundred pounds each. 
It does not change materially, if at all, with age, and can be stored for 
long periods of time in the original package, if kept in a dry place. It 
answers essentially all he requirements for all purposes for which 
freshly-slaked quicklime is used. Hydrated lime has uses, such as in 
hard wall plaster, for which quicklime is undesirable. 


The usual method of preparation is to crush the lump lime, and add 
with mechanical agitation sufficient water to slake the lime, and leave 
a slightly moist hot powder, which by the time it is cooled, with further 
agitation, becomes a dry powder. The coarse impurities are separated 
from the fine hydrate by bolting or by air separation. In some cases, 
the hydrate is ground before separation. 


Hydrated Lime for Agricultural Purposes —Lime for use on the soil, 
with or without the addition of fertilizer, and for the spraying of plants 
and trees, has reached such importance to the Ohio manufacturer, that 
it deserves more than passing mention as to the offices it performs in pro- 
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moting plant life. We therefore quote the following from Bulletin No. 
157, Ohio Agricultural Experiment Station, by Chas. E. Thorne, pub- 
lished in March, 1905. 


“Lime is absolutely indispensable to the growth of plants, yet it 
is required in comparatively small amounts. The cereal crops, for ex- 
ample, take from the soil several times as much potash as lime. although 
soils usually contain as much lime as potash. 


“Lime, however, performs other functions in the soil than the sup- 
plying of plant food. One of the most important of these is the neu- 
tralizing of acidity. Acid soils are as yet unknown over many parts of 
Ohio; but in other sections, especially in the eastern half of the state, 
where the soil has largely been formed from the decomposition of and- 
stones and shales, this condition is becoming increasingly prevalent, 
and is manifested by the constantly enlarging areas in which clover is 
displaced by sorrel. 


“A partial explanation of the fact that acid soils do not furnish the 
best conditions for crop production is suggested by the investigations 
by Warington and others on nitrification. These researches have shown 
that this process is dependent upon the presence in the soil of a salifiable 
base; that is, of a base with which the nitric acid resulting from the 
nitrifying processes may unite, forming a salt. For such a base, lime 
is the most suitable material, because of its comparative cheapness and 
of its importance as a constituent of living tissue. This means that 
some excess of available lime in the soil is necessary, over and above the 
bare needs of the growing crop for tissue building. On the other hand, 
these investigators have shown that an excessive application of quick- 
lime to the soil may exert an exactly contrary effect, stopping the work 
of nitrification until the quicklime is converted into the less active form 
of carbonate. 

“Another function performed by lime is the liberation of plant food 
from compounds in the soil. If a little freshly burned lime be mixed 
with strong manure, such as hen manure, or fresh stable manure, an 
odor of ammonia will become apparent. This means that the lime is 
entering into chemical union with certain constituents of the manure, 
and in doing so is liberating others, which pass off in the form of am- 
monia gas. If such lime be mixed with the soil, a similar action will 
take place; the lime will unite with the decaying vegetation of the soil, 
liberating nitrogen in the form of ammonia. If a crop be growing upon 
the soil, it may absorb a part of the escaping ammonia, and a larger 
yield will result; but this larger yield is produced at the expense of the 
soil stores of plant food, and if these stores are not maintained by liberal 
manuring, or fertilizing, the soil will eventually fail to respond to lime, 
because all the material in it upon which lime can act has been de- 
stroved. leaving the soil poorer than if no lime had been used. 
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“Not only does lime liberate nitrogen, but it may also act upon the 
potassium of the soil, converting it from insoluble combinations into 
those available as plant food. To a certain extent this may be a useful 
function, in the case of both nitrogen and potassium, but it may be 
carried to such excess by heavy and continuous liming that the plant 
food will be liberated more rapidly than the crops can make use of it 
and loss will occur from leaching. 

“A third function of lime is the amelioration of the texture of the 
soil. When heavy, plastic clay is wet, pressed into a cake and then dried, 
it becomes almost brick-like in texture; but if a small portion of quick- 
lime be incorporated with the clay before manipulation, it will crumble 
easily between the fingers after drying. For this purpose lime may be 
very usefully employed on many of the more refractory clay soils, using 
it at the rate of several tons per acre. Clays thus treated will become 
much more friable, will respond more readily to cultivation and manuring, 
and will not pack so readily under rain. The effect of such an applica- 
tion of lime will last for a number of years. It will be easily understood 
that the opening of the soil by a dressing of lime will facilitate the action 
of air, rain and other agencies by which the plant food of the soil is made 
available to crops. Loose sandy soils may also be improved by liming, 
the lime rendering them more compact and more retentive of moisture. 


“For more than a century, British and European farmers have used 
lime on the soil, and the effect of lime has been summarized in the 
two following proverbs: | 


‘Lime enriches the father, but impoverishes the son.’ 


‘‘ ‘Lime and lime without manure, 
Will make both farm and farmer poor.’ 


“This does not mean that lime should never be used, nor that lime 
should be mixed with manure; but that lime and manure should follow 
each other in an intelligently ordered succession.” 


That lime has a desirable effect on acid and clayey soils there can 
be no doubt, no matter what the avenue through which it accomplishes 
the results. It acts as a carrying agent, and aids in the transformation 
of non-available but desirable constituents in the compounds contained 
in the soils and fertilizers, into compounds which render the desirable 
elements available for further transformation into plant life by nature’s 
agents, the sun, and the minute bacterial organisms. 


Such investigators as have made comparative tests of the use of 
quicklime and hydrated lime report as a result of their observations - 
that there is no material difference in the results obtained. There is 
in the trade, however, a strong preference for the quicklime, for two 
probable reasons: First: The physical character of the crushed quick- 
lime is such that the distribution is more readily accomplished. Second: 
The price paid for each unit of the active agent, the calcium or magne- 
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sium oxide, is less when quicklime is used than when the hydrate is 
applied. However, a large amount of the tailings from hydrating plants 
has been used for this purpose and with apparent satisfaction. These 
tailings are probably sold at a much lower price than the hydrate or 
quicklime.* 


Hydrated Lime in Mortars.—There are several uses for hydrated 
lime, which seem to have received but slight attention from the Ohio 
lime manufacturer. While the addition of hydrated lime to portland 
cement mortars probably does decrease their ultimate strength, it also 
adds better working qualities under the trowel, and greater density and 
better water-proofing qualities to the hardened mortar, and at some 
places hydrated lime is much used for this purpose, as well as in concrete 
mixtures, both for hollow block and monolithrc structures. 

The following table, abstracted from a paper presented to the 
National Lime Manufacturers’ Association in February, 1905, by E. W. 
Lazell, will give some idea as to the behavior of a high-calcium lime 
paste and portland cement. 


Table XVIII—Tensile Strength in Pounds per Square Inch.t 


E Composition of mixture. 5 5 : 3 3 1 

E Slaleliléls 
1 | 1 cement, 2 sand, 0.25 part lime paste.....| 190 | 312 | 340 | 750 | 785 | 585 
2 1 cement, 3 sand, 0.50 part lime paste. 160° 265 300° 560° 530° 0 
3 1 cement, 4 sand, 0.75 parts lime paste 10 185 270 45 520° “445 
4 1 cement, 5 sand, 1 part lime paste.... ur 80 135 265 300° 280° 
5 1 cement, 6 sand, 1.25 part lime paste. 50 95 82 260° 295 310 
6 1 cement, 8 sand, 1.5 part lime paste...... 50 5 110 265 268° 282° 
7 1 cement, 10 sand, 2 part lime paste...... 30 58 122 145 190° 185 


It was thought by the author of this paper that the sand used in 
this test was crushed quartz so mixed and graded as to give thirty-five 
per cent. voids. 


With reference to these results, Mr. Lazell says in substance as 
follows: ‘‘Numbers one and two did not show as good a strength as 


. *More complete and detailed information on the use of lime in land fertilization can be obtained 
in Storer on Agriculture, three volumes; The Fertslsty of the Land, by Roberts; Fertilisers, by Voor- 
hees; the reports and bulletins of the states of Rhode Island and Pennsylvania, any of which, that 
are still in print. can be obtained by writing to A.A. Brigham, Ph. D., Agricultural periment Sta- 
tion, Kingston, R.I.,and to Dr. Wm. Frear, Ph. D., Pennsylvania Experiment Station, at State college, 
Center county, Pa.; and the reports and bulletins of the Ohio Agricultural Experiment Station, Prof. 
C. E. Thorne, d rector, Wooster, Ohio. . , 
tT hese figures were taken from a rather indistinct curve sheet, so they may vary from the actual 
results by a few pounds, 
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sand-cement mixtures of the same proportions would have done, but 
with number three, when four parts sand, one cement and 0.75 parts 
lime paste was used, the strength obtained exceeded that for a similar 
mixture of sand and cement alone. This is explained by the fact 
that in the first two cases the cement was more than sufficient to 
fill the voids, while in the latter case the cement was not sufficient to 
do this, and the lime therefore gave added strength by filling them.” 

From the above we might then infer that for sands low in per- 
centage of voids, used with cements or for mixtures of sand and portland 
cement very rich in cement, lime would be a detriment to its strength, 
but for sands high in percentage of voids, or mixtures lean in portland 
cement, lime would be a decided advantage and add strength to the 
mortar instead of detracting from it. 

The behavior of dry hydrated dolomite lime is shown from the 
following table, taken from the Engineering Record, December 12, 1903: 


Table XIX—Tensile Strength in Pounds Per Square Inch. 














Age of briquettes. 








R Composition of Mixture. | | . Bo 

8 ig | B] €. s 
| 82|8|38 
1 | 1 cement, 2 sand, 1.5 hydrated lime...... | 88 |, 135 | 148 | 245 
2 | 1 cement, 2 sand, 1.25 hydrated lime.....| 100 | 145 | 155 | 228 
3 | 1 cement, 2 sand, 1.00 hydrated lime.....| 138 | 170 | 175 | 225 
4 | 1 cement, 2 sand, 0.75 hydrated lime..... 


— 


Lern nn 


5 | 1 cement, 2 sand, 0.50 hydrated lime..... 





| ER 

ı 120 | 175 | 218 290 
| 178 | 182 280 
| 


All of these results show a gradual increase in strength with age, 
which indicates that no undesirable features are introduced with the 
addition of dolomite limes in the dry hydrated form. It must also be 
observed that the results so far as lime is concerned cannot be compared 
to the preceeding table. 

Of more importance, however, is the fact that hydrated lime adds 
to the strength of mortars made from natural-rock or roman cements, 
when added to it in amounts from five to thirty per cent. and even more. 
It seems to supply something that is lacking in these cements; it acts 
as a stimulant, as it were. Much can be done in pushing the sale of 
lime for this purpose. The use of lime with roman cements may be the 
means of supporting what for several years has been a waning industry 
in this country. The following results obtained by Messrs. H. B. 
Nichols and Ross E. Hamilton, while students in the Department of 
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Civil Engineering at Ohio State University, clearly indicates the stim- 
ulating effect of lime on roman cements. Mixtures of Louisville cement 
and varying amounts of a fat slaked lime or lime putty were made and 
sand incorporated. The ratio of two of sand to one of cement or cement — 
and lime mixture was maintained throughout. It would have been 
easier to get a uniform mixture had they used dry hydrated lime. 


Table XX—Work of Hamilton & Nichols. 


Composition of mixtures. 





Tensile strength in 
“Louisville cement, | ~~ Biter 26 week 
Louisville cement. Fat lime. Parts. | Sand. Ka 

1.00 0.00 2.00 292 
0.96 | 0.04 | 2.00 | 335 
„0.92 0.08 | 2.00 . 325 
0.90 0.10 | 2.00 325 
0.85 0.15 | 2.00 322 
0.80 0.20 | 2.00 357 
0.75 0.25 | 2.00 304 
0.70 0.30 2.00 335 
0.50 0.50 2.00 _ 170 


i ee  —. 





From the foregoing, we might conclude that lime up to thirty per 
cent. of the cement used would be desirable, but that as much as fifty 
per cent. was a detriment. 

Had dry hydrated lime been ground with the cement, more uniform 
and probably better results would have been obtained. 

The following results obtained by Professor A. V. Bleininger, 
Bulletin 3, Fourth Series, Geological Survey of Ohio, p. 191, illustrate 
the very desirable effects of grinding dry hydrated lime and roman 
cements. 

Table XXI--Work of Bleininger. 





ETC] mr a DL 


Tensile strength in pounds per 








square inc 
Mixtures. | ee i Remarks. 
a ee 2 
| --— —--- 
100 parts roman cement . | No. 1 briquette 
0 parts lime........... nn 135 100 . checked. No result. 


100 parts sand .......... 


ee un —— - —_— --..- - - =—- ee - - On — 


95 parts roman cement .: 
5 parts hydrated lime.. | 230 : 200 270 | 
100 parts sand .......... | | | 


For this experiment, the cement rock was calcined and a portion 
of it ground. To the balance, five per cent. of dry hydrated lime was 
added, and this mixture was also ground. In making: these tests the 
same amount of the resultant powder was used in each case, that is, the 
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lime hydrate was not an addition to the cement in the mixture, but dis- 
placed just that much cement. The briquettes were twenty-eight days 
old when tested. In this case, the increase in strength due to the ad- 
dition of lime is very remarkable. 

This outlet or use for hydrated lime is well worthy of attention from 
the manufacturers. They should consult with the roman cement man- 
ufacturers, and induce them to use hydrated lime, since the best results 
will be obtained by grinding the hydrated lime with the rock or roman 
cement, which can readily be done by introducing hydrated lime in proper 
proportions before the final grinding is given the cement in its process 
of manufacture. 

By the use of considerable quantities of hydrated lime, ground with 
a small amount of gypsum plaster, and a strong proportion of a light 
colored roman cement, a wall plaster or finish could be made which 
would be slow setting, but in time acquire great hardness and beauty 
of surface. 

Professor Bleininger* found that sound white roman cements could 
be prepared artificially from either calcareous or dolomite limestones 
very low in iron, and mixtures of kaolin or kaolin and potter’s flint 
burned at low temperatures. The dolomite mixtures showed much the 
greater strength, as well as greater range of permissible composition. 

The following cement formule were found to give the best results: 

A (2.5 CaQ) SiO,, CaO, AI,O,. 

Band C (2.5 CaMgO), SiO,, (CaMgO), Al,O,. 

These cements analyzed as follows: 


Table XXII—Composition of Bleininger’s Cements. 











Designation of | silica SiO, | Alumina Al,O, | Lime CaO Maeno MgO. 
| 27.41 | 8.77 62.88 | wees 
B 23.38 20.18 33.80 ı 22.59 
C 28.60 | 9.57 37.09 | 24.79 


Cement A was a mixture of pure high-calcium limestone, kaolin 
and flint. 

The best burning temperature for cement A was 1000° C. 

Cement B was a mixture of a pure dolomite stone and kaolin. 

Cement C was a mixture of a pure dolomite stone, kaolin and flint. 

The best burning temperature for cements B and C was 950° C. 

The tensile strengths obtained on briquettes twenty-eight days old, 


made from 1 cement and 1 sand, were as follows: 
Pounds per 


square inch. 
Cement A... cc ccc ce cet eet eee eeeees 225 
Cement B.. 0.0... cc ccc eet tent teen ees 320 
Cement C.. 0... ccc cc ccc cece cence eee eee eeeeee 235 


*Bulletin 3, Series 4, Geological Survey of Ohio, pp. 181-185. 
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While the ordinary limekiln would hardly be the most economical 
way of producing these cements, yet it could be used. These state- 
ments should be suggestive to the lime producers, especially the larger 
ones, since it would give them a means of regaining the trade lost in 
recent years by the encroachments of the manufacturer of patent or 
hard wall plasters. He could manufacture his own cement, and hy- 
drated lime, grinding them together, and then sell this prepared plaster 
either in the neat form, or mixed with hair or wood fibre as desired. 
The commercial feasibility of this process is certainly worthy of in- 
vestigation by the lime producers. 


Hydrated Lime in Cold-water Paints.—The use of lime in the manu- 
facture of cold-water paints should not be overlooked by the producer 
of hydrated lime. Cold water paints are much used. The largest single 
constituent in these paints is hydrated lime. They are made by grind- 
ing with hydrated lime, first, the coloring matter to give the tints. 
desired, and second, five to ten per cent. of casein, to give the neces- 
sary adhesiveness. Many attempts have been made to find a satis- 
factory substitute for casein for this purpose, but so far without avail. 
Glue in almost the same proportion works very well, but the paint must 
be applied hot, which is a great disadvantage, and takes it out of the 
class of cold water paints. In the early use o: cold water paints, sugar, 
molasses, or skimmed milk and many other agents were used to improve 
the adhering quality of these paints. When it was found that skimmed 
milk gave the most desirable results, it was at once suggested that it 
was due to casein and such proved to be the case. Patents have been 
extant for many years on the use of casein in this connection, but most 
of them have expired, and those running today stand much in the light 
of renewals of old ideas, and are perhaps not on any too firm a footing, 
if attacked as to their validity. 


Calcimines.—Calcimines and prepared whitewashes might receive 
more attention from Ohio lime manufacturers. The following mixture 
keeps well in packages and gives good results: 


Parts 
Hydrated lime ......cecsseseneroneneenenennunsennnnnene 92 
Calcium chloride .........2cesccee. nenne ne 3 
UM ccccccccccccccnccs ccc rer nn une 4 
Sulphate of Zinc 00... . cee cece cree ccc c cee meecsscenennences 1 


Sorel Cements.—Another means of promoting a still more extensive 
use of dolomite lime has been suggested by Thomas W. Cappon. He 
suggests developing the sorel cement reaction of the magnesia in these 
limes as a means of producing a cement or plaster, by the introduc- 
tion of chlorine in some very cheap form, such as by using the residual 
liquors from salt works. So far this idea has received no commercial 
development of consequence, nor have the weather resisting qualities 


16—S. G. —Bull. 4 
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of the product been definitely proven. While time may show some 
inherent faults which will prove a serious obstacle to its general use, 
the idea has sufficient promise today to be well worthy of the considera- 
tion of the manufacturers of dolomite limes, as well as the salt pro- 
ducers, as it would place a value on what is today for the latter a 
worthless product and a dead loss. 





The Glass Industry.—The glass trade has been shown to be a heavy 
consumer of lime. The fact that ground lime proved to be so marked 
a proportion of the production, and that for the bottle and window glass 
trade, ground limestone high in calcium was used, led us to inquire why 
ground dolomite limestone was not used in the flint and plate glass in- 
dustries in preference to the product of the calcination of this same stone. 
The manufacturers of lime state that they have tried to introduce the 
ground dolomite and put in machinery for its production, but had to 
abandon the idea, because the glass manufacturers would not use the 
product. Such of this machinery as could not be used for making 
ground lime has gone to the scrap pile. Another lime manufacturer 
who is well known in the glass trade, said in substance as follows: ‘We 
think that flint glass producers prefer the ground lime for the following 
reasons: First: The flint and plate glass manufacturer has found that 
in the process of manufacture as carried out today, the substitution 
of the ground carbonates, as represented by ground dolomite, together 
with the usual impurities which are not volatile, at glass-producing 
temperatures, introduce more defects in the finished products than does 
the ground oxides. Second: When ground carbonates are substituted 
for the oxides, the color is slightly off, nor is the brilliancy of the glass 
so great. Third: The glass producer must invariably receive his lime 
by freight and he considers that it costs him just as much to drive off 
the volatile constituents of limestone as it costs the manufacturer of 
lime to do so, and that by buying lime he saves paying freight on those 
volatile constituents, and at the same time gets a better product. Fourth: 
The use of ground limestone requires that larger glass pots should be 
used. These are very expensive. They are needed on account of the 
bubbling or foaming of the viscous, half-fused mixture which is formed 
at the time the carbonates are being broken up, and the volatile gases 
are coming off.” 

The reason why it seems impossible, or at least unprofitable, for the 
flint and plate glass manufacturer to use the raw carbonate, while the 
window and bottle glass maker uses it with perfect satisfaction, lies in 
the fact that the latter use large tank furnaces. In these, the surface 
of the glass is traversed by the flames and combustion gases, so that 
fresh batches of the charge are exposed to a fierce heat, and often to re- 
ducing influences, as they lie in a thin layer on the surface of the fluid 
glass. Thus, combination is carried on continuously, a little at a time, 
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under very high temperatures, and under conditions favorable to the 
dissociation of the carbonate of calcium, sulphate of sodium and other 
glass making fluxes which do not decompose well in the milder action 
of an inclosed glass pot. 

Further, the tank furnace is a long affair, fed with raw material 
at one end, and the finished and perfectly limpid glass is withdrawn at 
the other. The glass must travel slowly, hour by hour from one end to 
the other, and perhaps this time may even stretch out over several days 
before the glass finally leaves the tank. During this time, all minerals 
which would not easily be dissolved in a short melting period, gradually 
succumb in the long one, or are held back by skimmers, dipping rings, 
etc., so that they cannot be withdrawn in the good glass, until finally 
they are dissolved and disappear. This slow deliberate fusion, at high 
temperatures, and with direct contact with flames thus accomplishes 
satisfactorily, so far as perfect decomposition and solution is concerned, 
what cannot be at all well done in a closed or even an open-top pot, 
in a melting period of a few hours and at lower temperatures. 


Insecticides. Hydrated lime is also a large constituent in many 
preparations for the extermination of insects. 





Slag Cement.—This product is manufactured in considerable’quan- 
tities in Ohio. For this purpose, limes very low in magnesia are 
demanded. 





Magnesia Covering Fireproofing.—For this purpose hydrated limes 
are much used as cementing and bonding material, which is a non- 
conductor of heat of the highest class 


Steel and Tin Plate Mills. —These industries use some lime in con- 
nection with the pickling vats, for the neutralization of acids used in 
cleaning, polishing and burnishing the product. Either type of lime 
will accomplish the purpose. | 





Stone Sawing.—Lime is used in small quantity in the stone, marble 
and granite saw mills for the prevention of rust stains due to the abrasion 
of the steel saw blades. Either type of lime answers this purpose. 


Fertilizer Manutfacture.—These manufacturers use lime or tailings 
from the hydration plants or ground limestone for a twofold purpose. 
First: To neutralize acids used in converting insoluble phosphates into 
soluble ones. Second: To act as a filler, and later aid in liberating the 
nitrogen contained in some of the fertilizer constituents. Either type 
of lime is efficient. | 


Lime as a Carrier of Chemicals —In the manufacture of acetic acid 
and bleaching powder lime is used as an absorbing or carrying agent. 
The active chemical agent is converted into a stable calcium salt, and in 
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such form it can be readily, cheaply, and safely transported. When it 
is desired to liberate the acid material again, this salt is easy to decom- 
pose, setting free the active elements or compounds when wanted. 
High-calcium lime is usually demanded for this purpose. 





Lime as a Purifying Agent.—In the treatment of water for boilers and 
sanitary purposes, considerable quantities of high-calcium lime are de- 
manded. All elements or compounds other than calcium oxide are 
. apparently inert, and definite quantities of this chemical agent must be 
added, so it is evident that the chemical composition should: be known, 
and air slaked lime should be absent. Therefore, a hydrated high-cal- 
cium lime of known composition would be best. 





Gas Purification.—In manufactured gas and in oil there are certain 
undesirable impurities which must be removed in order to destroy un- 
desirable odors, etc. These undesirable compounds are mainly sul- 
phurous in nature, and readily absorbable by lime or its products. 
Henry N. Clogg has proposed the use of hydrated lime for the purpose, 
and its value was fully shown by Winfor. Many other bodies have been 
used, but lime in the hydrated form seems to be the most desirable. It 
costs in England for purification of gas, from ten to twelve cents per ton 
of coal converted into gas. With some natural gases, it is necessary to 
remove sulphur compounds by passing it over lime. 


Lime as a Disinfectant.—For ages lime has been used as a disinfectant 
and antiseptic, mainly in the form of quicklime, but there is no reason 
why hydrated lime which can be put up in convenient packages which 
will keep indefinitely, should not be just as efficacious. If so, it will 
supersede the use of quick ime for this purpose. Every grocer and dealer 
in general merchandise in the United States should have packages of 
hydrated lime on hand for sale for this purpose. Either type of lime is 
good. Ä 


By-Products of Coal Distillation.— When the products of the distil- 
lation of coal other than the illuminants are desired, lime is used as the 
caustic alkali. It liberates the ammonium, one of the desired products, 
which is given off as a gas and absorbed in water, forming the aqua 
ammonia of commerce. Either type of lime will answer. 


Refractory Linings for Steel Furnaces.—F or basic linings only dolomite 
limes are desirable. They are less affected by cooling and exposure to 
the atmosphere. 


Soap.—Soap and glycerine manufacturers use considerable quan- 
tities of lime. The quantities required are so large that a few soap mak- 
ers have their own lime plants. Slaked lime is used in the process of 
manufacture, to convert carbonate of soda and potash into the caustic 
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hydroxide form. Practically all of the glycerine produced in the United 
States comes originally from garbage. Lime is a necessity in its pro- 
duction, as well as in the separation of the other products obtained 
from garbage. 


Bone Ash.—In the manufacture of bone ash, acids are used to remove 
undesirable products. Lime is used for the removal of all excess acid 
used. The resultant product, a mixture of calcium chloride and calcium 
phosphate, is much used in fertilizer mixtures. 





Tanning.—In this process, lime is used for two purposes. First: 
To soften, loosen, and even destroy the hair on the raw skins, in order 
to make it readily removable, as well as to put any adhering particles 
of fat and flesh in a condition for ready removal by scraping the hide. 
Second: The solvent action of the lime on the hide also produces an 
expansion of the pores, which is called “plumping” and renders the hide 
more capable of absorbing large amounts of oil and tallow, thereby 
taking on greater weight and solidity, which is the desideratum of all 
tanners. High-calcium limes are most desired for tanning operations. 


Lime in the Textile Industries.— Lime has proven too drastic an agent 
for the purification process in both woolen and silk factories, but for the 
scouring of cotton it has been found to be excellent. For this latter pur- 
pose, the cotton is saturated with water and then boiled with a thin milk 
of lime. The insoluble soap formed with the fatty and resinous sub- 
stances found in the raw cotton is removed with acids, preliminary to 
the bleaching process. A high-calcium lime is preferable. 


Production of Ammonia and Potassium Bi-Chromate.—For the pro- 
duction of both of these chemicals, lime is used. The main source of the 
ammonia of commerce is ammonium sulphate, which when treated with 
lime in the form of either oxide or hydroxide yields the gaseous ammonia 
which is readily absorbable in water, making aqua ammonia. In the 
manufacture of bi-chromate of potash, it retards fusion and forms in- 
soluble basic chromates. A very pure high-calcium lime is desirable 
for both purposes. 


In Ceramic Mixtures.—The carbonates of calcium and magnesium 
are much used in both body and glaze mixtures, but there is no reason 
why the hydrates of the various limes should not replace the carbonates, 
making due allowances for the composition. It would be necessary 
to supply for this purpose hydrates of uniform composition. There is 
room and reason for the use of the hydrates of both types, each in its 
place, however. 


The following table, prepared for 1902, is fairly representative of 
conditions during the last three years as well. The total annual lime 
production has been much the same with perhaps a gradual, but small, 
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increase in the amount burned. The production in different sections 
has varied somewhat, and some new kilns have gone into operation. 
Delaware, Marion, and Clark counties will show increased production. 
Sandusky county, however, shows the most marked increase. In the 
spring of 1902, there were but a few kilns in operation at Gibsonburg 
and Woodville; now there are nineteen or twenty under constant fire 
and these points have two of the best equipped plants in the state, both 
turning the major portion of their output into hydrated lime. 
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‘CHAPTER VI. 


TECHNOLOGY OF THE LIME INDUSTRY. 


BY S. V. PEPPEL. 


DEFINITION OF LIME. 


The most important purpose to which limestone is applied is the 
manufacture ‘of lime, which is the basis of the mortar used in masonry 
and brick construction, and of the plaster used in covering the interior 
and sometimes exterior walls of all kinds of houses. While in tonnage 
the quantity of limestone applied to this purpose is less than that used 
in other ways, its value, measured by the inconvenience of doing without 
it, is vastly greater. No other material now known and widely avail- 
able could take its place as a substitute. Aside from its use in the 
building industry in mortar, plaster, stucco, etc., lime finds a very great 
use in various chemical industries, paper making, sugar refining, soda 
ash manufacture, fertilizer manufacture, sand-lime-brick manufacture, 
etc. It is the cheapest and most readily procurable of the strongly 
basic oxides, and is of the greatest use as an alkaline agent in manufact- 
uring chemistry. 

Lime, or quicklime, is the name applied to the common or com- 
mercial forms of the oxide of calcium. In the chemical sense, lime ¢s 
calcium oxide, and if one were to buy lime from a chemist for use as a 
chemical reagent in a laboratory, he would obtain the oxide of calcium, 
chemically pure. 


In the practical, every-day use of the term, however, lime and 
calcium of oxide are not synonymous, for it is not practical to furnish 
chemically pure calcium of oxide by the ton or carload, nor is chemical 
purity essential for ordinary manufacturing and construction work in 
which lime is used on an enormous scale. 


From the ordinary commercial standpoint, lime may be defined as 
a material obtained by the calcination of a stone in which carbonate 
of calcium is the predominating ingredient. Thus it at once appears 
that the character of a commercial lime will depend on the limestone 
from which it was produced, as well as on the treatment it receives in 
burning and cooling, and that while the calcination of any limestone 
yields lime, there are very great differences in its character and purity. 
On account of these variations, the term lime has no fixed or settled 
meaning or standard of purity in the courts, or in practical and com- 
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mercial work, and limes may be found on the market varying in all 
degrees from approximate chemical purity down to materials in which 
the calcium oxide is less than fifty per cent. of the whole. 

While the oxide of calcium is the chief or preponderant active sub- 
stance in all lime, it is almost always accompanied by the oxide of mag- 
nesium, a closely related substance, also basic and alkaline in chemical 
nature, and capable of acting in many respects like lime, as a mortar 
material, flux, etc. Because of this similarity in general nature, the 
oxide of magnesium is not considered as an impurity in limes for ordinary 
purposes, like mortar making. For strictly chemical uses, like cement 
making, sand-brick, soda-ash manufacture or sugar-refining, the mag- 
nesia does not act the same as lime, and cannot be substituted for it, 
and hence for these purposes it is called an impurity. In the manufac- 
ture of flint and plate glass, the magnesia is considered a highly desirable 
constituent. 

The impurities of commercial lime, which are popularly recognized 
as such, are clay, sand, oxide of iron, and other materials of this sort. 
These substances affect the value of the lime in two ways. First: By 
dilution. They have no chemical activity similar to lime, as magnesia 
has, and hence weaken its action in proportion to their amount. Second: 
They rapidly deteriorate the color of the lime, making it gray, or yellow 
and unsightly. Third: They interfere with the calcination process, by 
causing the lime to flux and melt, or by hindering the rate of the ex- 
pulsion of the carbonic acid, so that the product is lumpy and irregular. 
Fourth: The undesirable impurities, if present to the extent of five per 
cent., or in excess of that, are very likely to make the lime work poorly 
under the trowel. Fijth: If these impurities are of a certain kind and 
fuse to certain undesirable or unstable combinations, as is frequently 
the case in burning, they are very likely to cause pitting on the wall in 
plaster work. For the setting of brick and masonry work, this latter 
fault as well as that due to coloring matter is an unusual one. 

The elements or compounds which are considered impurities in 
white lime, using this term in its commercial sense—i. e., lime contain- 
ing less than five per cent. of clavey or sandy matter—are not so con- 
sidered when speaking of the gray or hydraulic limes. These same 
elements are essential in their make-up, and it is through their action 
that the distinctive properties of hydraulic limes are developed. 

The term lime therefore has no exact meaning. It means calcined 
limestone, but unless the proportion of the various ingredients are 
specified in advance, and agreed upon by both parties in a transaction, 
one would not be able to hold the other to any particular kind of lime 
or grade of purity. It might be very highly magnesian, or pure dolomite 
lime, or it might be practically pure calcite lime, or it might be any 
mixture between these two extremes, and yet be considered good lime 
in each case. It would not be considered a good white lime if it were 
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decidedly gray, or silicious, or lumpy, and did not slake freely with water. 
Hydraulic limes, however, are expected to be gray, more or less silicious 
and as a rule to slake rather slowly. 


CLASSIFICATION. 


For convenience, it is necessary to classify lines according to their 
physical and chemical properties. 


Dr. Edward Orton, writing in 1887,* classified limes as follows: 


“1. Limes derived from stone containing eighty-five to ninety- 
five per cent. carbonate of lime. 


“2. Limes derived from stone containing seventy-five or eighty- 
five per cent. of carbonate of lime and about twenty per cent. of car- 
bonate of magnesia. 

‘“*3. Limes derived from stone containing sixty-five to seventy- 
five per cent. of carbonate of lime and twenty-five to thirty per cent. of 
carbonate of magnesia. 


‘“‘4. Limes derived from stone containing approximately fifty-five 
per cent. of carbonate of lime and forty-four per cent. of carbonate 
of magnesia (dolomites).”’ 


These divisions have not been widely accepted. The popular 
classification recognizes but two kinds of lime, which they call gray or 
hot lime, and white or cool lime. 


These terms are not sharply defined, nor do they separate limes 
along easily distinguishable characteristics, for all gray lime is not hot, 
nor is all white lime cool. The basis of classification into hot or cool 
lime is the fact that calcium oxide combines with water to form calcium 
hydroxide (slaked lime) with very great energy, and the evolution of 
much heat, while magnesium oxide combines with water with much less 
energy and much less heat, if it slakes at all, in the short period of time 
usually taken for the slaking of lime. Magnesium oxide prepared at 
low temperatures does slake or take on water of hydration, slowly, 
with the evolution of heat. There are those who believe that the mag- 
nesium oxide contained in lime takes on practically no water of hydra- 
tion at ordinary temperatures. There is good ground for this belief. 
First: The magnesium oxide contained in any lime must necessarily 
be badly overburned before the calcium oxide is produced. Second: 
The heat of hydration of a dolomite lime is practically all accounted for 
by that which the calcium oxide present would develop on slaking. 
Third: The amount of water taken up by dolomites when slaked by 
most mechanical slakers is essentially all accounted for by the hydration 
of the calcium oxide present. The slower rate of slaking for limes con- 
taining magnesium oxide is no doubt due to the dilution of the calcium 


— 
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oxide with an essentially inert material which hinders in bringing the 
water in close contact with each particle of calcium oxide and at the 
same time absorbs the heat generated by the slaking, and thus cools and 
retards the chemical action. Other things being equal, the more mag- 
nesium oxide present, the slower and cooler the slaking process. The 
same proportion of very finely ground sand mixed as intimately with 
the calcium oxide as is the magnesium oxide would have the same effect. 
This trait of the slow slaking of limes containing magnesium oxide is 
not necessarily a detriment, but in many markets is considered very 
desirable. If, therefore, a commercial lime has been burned from a 
limestone consisting chiefly of calcite, it will produce a “hot” lime or a 
“quick” lime, but if the limestone was strongly magnesian or consisted 
of the mineral dolomite (a double carbonate of calcium and magnesium 
containing fifty-six per cent. of carbonate of calcium and forty-four per 
cent. of carbonate of magnesuim), the lime would be called ‘cool’ or 
“mild’’ or ‘‘slow.”’ 

The basis of the classification by color into gray and white limes — 
is that the dolomite burned in Ohio is comparatively free from clayey, 
silicious and ferrugineous coloring matter, yielding a very white lime, and 
that the high-calcium limestone burned nearly always carried sufficient 
coloring matter to give it a mild gray color. The terms white and gray 
as applied to limes should be abandoned in their present accepted mean- 
ing, since some of the high-calcium lime burned is nearer white than some 
calcined dolomite. It is only in rare instances that this would be the 
case in Ohio, but there are sections where the terms gray and white have 
exactly the opposite meaning to that accepted by Ohio producers and 
users. In some markets it is customary to further qualify the terms 
white or gray by adding to it the section of the country from which it 
comes in order that the customer may know what type of lime he is 
getting. 

The terms in use in Ohio, and the United States generally, ought 
to conform to the general usage elsewhere, and we ought to accept the 
same limes by the same names as are known in other countries. White 
lime should include all limes with less than three per cent. of total im- 
purity. These, as a rule, will be very nearly white. Gray lime should 
cover all that carry more than five per cent. impurity. Gray lime and 
hydraulic lime should be synonymous terms. 

The classification proposed by Dr. Orton seems too complicated; 
1. e., it makes too many divisions of white lime for practical needs, and 
also fails to consider the gray or hydraulic limes. The system or usage 
of the public is perpetuating a misleading or erroneous classification. It 
seems proper, therefore, to propose the following classification which is 
in harmony with that used abroad, and in accord with our commercial 
and technical needs as well: 
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TABLE XXIV—CLASSIFICATION OF LIMES. 


1. High-calcium, or “hot,” or “quick” limes. Made from 
limestones containing not less than 85 per cent. of carbonate of 
White limes calcium. 


Containing usually 2. Magnesian limes. Made from limestones containing 
lessthan three and ; between sixty-five and eighty-five per cent. carbonate of calcium 
never more than | and between ten and thirty per cent. of carbonate of magnesium. 
five per cent. of 


sandy and clayey 3. Dolomitic, or “cool,” or “slow” limes. Made from lime- 
matter. stones containing more than 30 per cent. of carbonate of magne- 
sium. 


4. Hydraulic lime. Made from limestones, either high- 

calcium or dolomitic, which contain from five to ten per cent. 

of sandy and clayey matter and which will slake by themselves 

Gray Limes. . when placed in water. They gradually harden under water. 


Containing from 5. Natural cement or roman cement. Made from lime- 

five to thirty per | stones, either high-calcium or dolomitic, which contain from ten 

cent of sand and | to thirty per cent. of sandy and clayey matter; and which will 

clayey matter. not slake, without first being finely ground. They harden under 
water much more rapidly, and to a harder final product, than 
hydraulic lime. 


The gray, or hydraulic limes are not produced at all intentionally, 
or as an article of commerce, in Ohio. There are a few localities where 
a lime of decided grayish color is produced on a small scale for local use 
or for agricultural purposes, and does not enter into competition with 
the white lime of commerce. But the total amount of such product is 
small and is confined to out-of-the-way places. The roman cement 
industry has been considered at length in Bulletin 3, of this series, and 
will not be taken up here further than to state that there are a few 
decadent industries of this sort in Ohio. They are gradually dying out, 
as there are several less now than ten years ago, and no new ones have 
been established. Nevertheless it is by no means assured that there 
is not a legitimate field for roman cement manufacture in Ohio, if the 
industry is put on its feet and given high grade technical supervision, 
and the best modern methods of production. The materials for the 
industry are here in profusion, in many parts of the state. 

In the balance of this chapter, only the white lime division will 
be considered, as this is really the only lime of commerce, so far as Ohio 
is concerned. In fact, the great majority of Ohio limes as manufactured 
today fall within classestwo and three. The product of only a very few 
plants will fall in class 1. Most of the plants in class 2 have quarries 
that produce stone that could make lime belonging in class 1, but this 
stone is used for other purposes and that with a little more magnesium 
carbonate given preference for lime burning. It keeps better, and is 
not so violent in slaking as the other would be. It is probably a trifle 
whiter also. All the limes of class 2 burned in the state have a grayish 
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tinge after slaking. Most of them prior to slaking are whiter than some 
of the dolomites while still in the lump. The dolomite limes, however, 
on slaking all become a pure white. 


SPECIAL SUITABILITY OF DIFFERENT LIMES, 


As between the three grades of white lime, there are strong pref- 
erences among masons and plasterers for each class in different sections 
of the country, and in the same locality different classes or types of lime 
have the preference, each for specific uses. As a rule the hot or high- 
calcium limes are preferred for all rough or heavy work, and for ad- 
mixture in portland and roman cement mortars. The tendency with 
reference to this latter use is gradually shifting, however, to the use of 
the prepared hydrated lime, which is mainly dolomite lime in Ohio. 
For the finer and lighter grades of work, the dolomites have a very strong 
lead. For the laying of dry press or front brick and for the finishing 
coat on walls, it is used almost exclusively, and many plasterers prefer 
it for the first coat on walls. The hard-wall plaster manufacturers 
certainly give it great preference, using it only in the dry hydrate form 
of course. The slower setting qualities of the highly magnesian lime 
gives the plasterer an opportunity to cover and to finish larger surfaces 
in one operation. , 





Stone Work.— As a general rule, stone masons and contractors pre- 
fer the hotter limes and for two different reasons. The mason’s reason 
is that the high-calcium limes, even when heavily loaded with sand, will 
make the more free-working or mobile mortar of the two, when first 
spread upon the bed. This condition of temporary mobility and plas- 
ticity requires less effort on his part in covering the bed, and the same 
property permits the better filling of irregularities in the face or bottom 
beds of the stone, and it is easier to settle this stone to its proper level, 
since the rapid setting of the hot mortar makes it stiff enough to carry 
the load put upon it without deformation in a very short time, thus per- 
mitting the rapid loading of the mortar with heavy stone. The con- 
tractor’s reason for generally giving the hot limes preference, while not 
always commendable, is nevertheless true. It is that such limes will 
make more putty when properly burned and slaked. Aside from this, 
he can load it heavier with sand, and still have a workable mortar, even 
though the ultimate strength is not so great. In other words, sand being 
cheaper than lime, the mortar thus prepared is cheaper and will show 
sufficient strength and durability to at least pass muster until he is 
released from responsibility. Another reason that appeals to the con- 
tractor, who is usually urged to make haste with his work, is that it sets 
up a little quicker, and in many cases permits of more rapid work on a 
job. The hot limes will require less time for complete slaking, which 
should be an advantage in many cases. They, however, require more 
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skill and care to avoid “burning’ the lime during slaking; i. e., distribut- 
ing the water so slowly or irregularly that the fat paste hardens on the 
surface of the lumps, and seals their pores and prevents the access of 
water for a time. ‘‘Burnt” lime, meaning lime which has been super- 
heated and only partially slaked in the slaking process is always lumpy 
‘and difficult to work, and as the lumps continue to hydrate slowly, 
they are liable to cause grave defects in the walls or on the plastered 
surfaces. The energy of slaking is so great that the operation needs 
strict attention and active labor at the critical stage, while magnesium 
or dolomite limes slake slowly, with much less heat and correspondingly 
less danger of burning. 


Bricklaying and Plastering.—The brick-layer and plasterer have a 
strong preference for the dolomite lime—the brick-layer because, on 
account of the slower setting properties of mortar made from this lime, 
he can spread a greater surface of this mortar, and lay a greater number 
of brick with one operation. If the number of brick that one man may 
lay for a day’s work were not fixed by trades-union legislation, it would 
be found that he could in eight hours lay more brick with white-lime 
or dolomite lime mortar than with gray or hot high-calcium lime. If it 
were not for this limitation of work, this lime would also be a favorite ' 
with the contractor for this purpose, because he could get more brick 
laid up foraday’s wages. This limit is placed solow that an indifferent 
workman, with poor mortar, can come somewhere near it; a good man 
with good mortar, and good brick, will be compelled to hold back 
somewhat in order to not exceed the limit for a day’s work. 

A second reason might be given why brick-layers prefer the dolomite 
lime or that of class 3. In the slaking of the hot limes by unskilled 
labor, there is great danger of burning and producing a lumpy and ir- 
regular paste, which finally gives a mortar that does not work well under 
the trowel and causes the brick-layer to exercise more care in its hand- 
ling, as well as in the laying of his brick, since if he gets a lump of burned 
or unslaked lime in front of his mortar line, he must take the brick up 
and remove this objectionable mark, which can readily be seen in a 
finished wall. 


For the laying of front brick, some dolomite lime, if not all, is used 
in the mortar, because with a hot quick-setting mortar it is very difficult 
to get a smooth job with a thin seam of mortar. 


The plasterer has two reasons for this preference. First: He can 
spread larger surfaces in the rough, before he needs to smooth, or level 
up, and brush to give a gripping surface for the second, or skim coat, 
and in finishing, he can cover larger surfaces before using the float to 
smooth the wall to a good surface. Second: He has no fear of future 
“pipping” or “popping” when using Ohio dolomite limes, and he has a 
whiter final color whether that be in the rough to be covered with paper, 
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or a skim coat for use as it is, or in condition to appear well with kal- 
somines or paints. If the wall is white and smooth, his employer is 
satisfied. 

While the dolomite limes require more time in the putty form to 
completely slake and ripen, they are less susceptible to taking on a 
lumpy condition due to local ‘‘burning” in slaking, and since they con- 
tain some very fine material apparently inert, and will not carry so mueh 
sand, there is nearly always served to the workman a richer mortar which 
works more smoothly than a highly-sanded mixture. This is probably 
the fundamental principle which causes the conditions to obtain on which 
this preference is based. | 

Some adverse criticism of high-calcium limes would be removed, 
if in practice it were used in all mortar mixtures pound for pound with 
the amount of dolomite lime required for a mortar of satisfactory work- 
ing qualities. 

Both types of lime suffer in the estimation of the workman, the 
contractor, and the customer, on account of a lack of knowledge how to 
properly slake each, in order to get the best results possible in each case. 
The man who has thoroughly learned how to handle one lime, and get 
‘the best results, will invariably get poor results with any othsr. One 
solution of this problem will be the extensive use of hydrated limes of 
both types, which have been prepared under the most advantageous 
circumstances, and under the direction of those who understand fully 
how to handle the lime in order to get the best possible results from it. 


Infuence of Machine Mixing.—Another solution to the problem will 
be the more extensive use of machine-made or wet mortars. This is 
only feasible for the larger towns and the cities. There are many rea- 
sons why a properly prepared machine-made or wet mortar should be 
‚better, and consequently preferable, to hand-made mortars mixed on 
the job. First: The limes are slaked by the aid of mechanical mixers, 
and by men who have studied just how to handle the particular brand 
of limes used. The operator knows just how stiff his putty should be, 
and just how long it needs to stand for proper ripening before use. 
Second: He uses almost invariably mixtures of the two types of lime, 
varying the proportions of hot lime and cool lime to suit the requirements 
for a good mortar for each purpose used. For instance, for finish or 
white coat, practically all dolomite lime is used. For laying front brick 
only a small amount of hot lime is added, while for common brick and 
back walls more is introduced. For first coat work, which is very 
rich in lime, some hot lime goes in, while for the setting of masonry and 
all rough work needing a large amount of quick-setting mortar, the 
high-calcium lime is the main constituent. 


These mixtures of limes are not made in order to cheapen the prod- 
uct, but to improve the qualities of the mortar, especially the working 


LIMESTONES AND LIME INDUSTRY. 257 


qualities of it, each for its specific purpose. The dolomite7or, highly 
magnesian limes are added to the hot or high-calcium limes for two 
reasons. First: Mortars made from the very hot limes alone are too 
washy and sloppy to handle easily, before the setting up reaction begins, 
and after this starts it Is so rapid as to get hard too soon for convenience. 
The addition of the dolomite lime gives it better body and retards the 
setting up. The introduction of any inert substance, either amorphous 
or in the finely divided state, such as a very fine sand carrying a little 
loam or fine limestone dust or fine marl, would no doubt aid in eliminating 
the first undesirable quality of the high-calcium lime mortar, but would 
probably have but little influence on the retardation of the setting up. 
In fact, it is probable that the presence of small quantities of very fine 
quartz or sand and clay would tend to accelerate it. The dolomite lime 
is said to add toughness to the mortar. 

Second: On the other hand, dolomite limes used alone are for most 
purposes considered as working too heavy, too tough, and too difficult 
to distribute rapidly over large surfaces. The addition of hot limes 
materially improves the spreading or working quality of such mortars. 
From the above statements, it is evident that for most purposes mix- 
tures of the two limes will be found desirable. This, however, would 
impose a hardship, or at least be inconvenient, for the man preparing 
small amounts of mortar by hand, but is be entirely feasible, and is 
commonly done by the machine mortar manufacturer. 

The large mortar manufacturer frequently finds it advantageous 
to use mixtures of two or more sands for the best results. To do this 
would also be troublesome to the contractor using only small quantities 
each day. | 

One manufacturer gives the following reasons why machine-made 
wet mortar should be used in preference to that prepared by hand- 
mixing: 

“First: Superior quality. Second: Made on sciehtific prin- 
ciples. Third: Uniformity. Fourth: Thoroughly mixed, blended 
and ripened. Fifth: Cheapness. Sixth: Delivered as required, 
Seventh: The absence from building fronts of piles of sand, 
mixing rings, slaking boxes, barrels of lime, all impedimenta, 
etc., used to make mortar by the hand method in vogue. 

“By the use of machinery a cheaper and more thoroughly 


mixed mortar is produced than is possible by hand, and one that 
will work easier and smoother under the trowel.” 


The use of mechanically prepared wet mortar has shown a steady 
increase for a number of years and will probably continue to do this 
for some time to come. The reports of the future will show the mortar 
factories as among the larger consumers of lump lime. Today they are 
considered an important factor in the lime trade, as it is shown by the 
statement of Mr. F.C. Ferris, of Columbus. It takes about two hundred 


17—S. G. Bull. 4. 
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and fifty car loads of lime per year to supply his factory. He is a prom- 
inent mortar manufacturer, and very kindly furnished every facility 
for studying conditions in his factory, as well as in the observation of 
structures for which he had furnished the mortar many years ago. 

There are several properties of the two lime putties as prepared 
commercially which were brought to attention very forcibly by obser- 
vations in the Ferris factory. They are well known to everyone hand- 
ling large quantities of lime putties of different kinds, but they are not 
generally known elsewhere, and hence are mentioned here. 

First: The volume of putty produced per pound of lime in the 
oxide form is not materially different for the two types. If there is 
any difference, it is in favor of the hot lime for the larger amount. 

Second: The two putties leave the slaking machine at about the 
same degree of viscosity. If there is any difference, the dolomite lime 
putty flows the more freely of the two. In a very short time, however, 
the dolomite lime putty is much the firmer of the two. 

Third: On standing in the vats to ripen, the high-calcium or hot 
lime putty shows a much more marked shrinkage than does the other. 
In spite of this shrinkage of the hot lime putty, when equal volumes of 
putty of each variety are taken, and sand is incorporated, it will require 
a considerable excess of sand with the hot-lime putty mixture, or an 
addition of much more water to the dolomite lime putty to bring the 
two mortars to the same consistency. This putty shrinkage of course 
is a measure of the mortar shrinkage, and means that if two mortars 
are made up using the same amount of sand in each, and the same weight 
of lime of each type, properly slaked in each case, the mortar made from 
the hot lime will have a greater shrinkage factor and be more apt to 
crack on drying out and hardening. The larger use of sand in the hot 
lime mortars reduces this shrinkage factor, so that in the mortars as 
usually applied there is not such marked evidence of this difference 
in the behavior of the two mortars. 

For many years to come, there will undoubtedly be much lump 
lime of both types slaked in comparatively small batches, and usually 
by unskilled labor. The following explicit directions for the slaking of 
each type of lime have been prepared, using as a basis the best practice 
by those working constantly on each type of lime. It is a simple oper- 
ation to the initiated, but it is difficult to describe it in such a manner 
that one who has never seen lime handled, could ‘make an absolute suc- 
cess of his first attempt at slaking. Each limeslaker seems to have his 
own method of realizing the critical points in this operation. These 
critical points do not appear important to the beginner, but they are 
often the cause of a poor mortar being made. 


Slaking of Dolomite Lime.—Put into the slaking box enough water 
to slake the desired amount of lime before the lime is putin. The proper 
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amount of water for a good putty will be about one pound for each 
pound of lime—that is, twenty to twenty-five gallons for each barrel of 
lime slaked. The amount needed will vary with weather conditions, 
taking a little more in summer and less in winter to accomplish the same 
results. 

Dump the lime in and quickly spread it in an even layer and of 
such a thickness that it shall practically all be covered with the water. 
Now leave it undisturbed until slaking is practically completed. Mix 
just sufficiently to equalize the density of the mass. If only a small 
quantity is slaked in a small vessel, probably no stirring will be necessary. 
If during slaking small puffs of dry steam, or smoke as it is sometimes 
called, appears, the mass should be stirred at that point, to let the water 
into the lump or lumps, since this dry steam is due to a local overheating 
and an absence of water to absorb and relieve that heat. Cold water 
should not be allowed to run into the box from a hose during slaking, 
since it will chill the lime locally, and stop the slaking process at that 
point. The lime should not be disturbed during slaking, except such 
movement as is necessary to prevent the local burning as mentioned 
above. 


Slaking of Hot Limes.—The same general directions as given for 
dolomite limes will hold here also. Put the water into the box before 
putting in lime, and stir only to prevent burning. To accomplish this 
will require close watching, and at critical moments vigorous work 
may be needed to get the water into contact with all parts of the lumps 
which need breaking up. A coat of hydrate forms on the outside of 
these lumps, which acts as a waterproof envelope, and permits only 
small amounts of water to penetrate to the main portion of the lump. 
If such lumps are not broken up, the lime will be bad in spots, both from 
burning in some parts and imperfect slaking with too small a quantity 
of water in other portions. For the hot limes, considerably more water 
is needed on account of the greater heat developed, which causes a larger 
amount to go off as steam during the slaking process. Where lime is 
slaked in large quantities, especially in the winter time, many contractors 
prefer to use warm or tepid water. The wet-mortar works as a rule use 
tepid water the year round for both types of lime. They run water into 
their slaker and dump lime in at the same time, until they have gotten 
a proper proportion of each, then let it stand till well heated up, when the 
stirring device breaks up the lumps and produces a homogeneous mass. 
This is then run over the screen for the removal of core, etc., and then 
goes on to the storage vats. Some of the manufacturers of dry hydrated 
lime either use warm water or introduce a little steam at the beginning 
of the slaking process. 
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PROCESSES OF MANUFACTURE. 


The processes of manufacture of lime are simple. The mere heating 
of a piece of limestone for a few hours to a bright red heat is sufficient 
to disengage its carbonic acid and bring it into the caustic or ‘‘quick- 
lime” condition. This has been done from time immemorial in the 
crudest of ways, by the most ignorant and inexperienced of people, and 
the idea thus gained ground that there was room for no better methods 
or the use of more intelligence and training. Lime burners, like com- 
mon brick makers, have been looked upon as representatives of a low- 
grade occupation. 


The real fact is, however, that both industries are founded upon 
chemical processes or reactions, and that while a partial success can be 
gotten in these processes with very little knowledge or experience, the 
attainment of good economy or high-grade efficiency in either demands 
skill and intelligence of a high order, which cannot be reached without 
the use of technical methods, and scientific training. The manufacture 
of quicklime is now undergoing a rapid transformation from the old, 
crude, pot-kiln industry, in which the burner sold the product of his 
own kiln, into a large, finely equipped business in which every detail is 
adjusted to minimum waste and maximum output. Within the last 
few years there has been a very decided awakening and the larger and 
better lime manufacturer no longer thinks that he knows everything 
worth knowing about the production of lime. He is in search of all 
reliable information today and ready to make improvements wherever 
there is a reasonable chance of such changes producing greater economy. 
He is now beginning to feel that the use of technical methods and scien- 
tific training can probably do as much in the advancement of the lime 
industry as they have for most of our large industries. Until quite 
recently, the scientist, the chemist, and the technologist have received 
but little consideration from the lime manufacturer, who has been the 
greater loser of the two on this account. A properly prepared tech- 
nologist can be of great service to the lime manufacturers of the United 
States. The manufacture of quicklime may be considered under the 
following steps or stages: First: Quarrying the raw material. Sccond: 
Burning. Third: Cooling. Fourth: Preparation for market. Fifth: 
Hydration. 


QUARRYING LIMESTONE FOR LIME-BURNING. 


The winning of limestone always involves quarrying, as no form 
of carbonate of calcium which has the requisite hardness to stand up 
in the kiln and in transportation is soft enough to be dug by hand or by 
steam shovel. The marl beds supply carbonate of calcium of great 
purity, but it is ruled out from lime burning on account of its fine sandy 
texture, which would choke a vertical or shaft kiln at once. Travertine, 


LIMESTONES AND LIME INDUSTRY. 261 


or recently deposited calcareous tufa, from springs, etc., is sometimes 
soft enough to dig and hard enough to stand handling and burning, but 
the quantity available is commercially insignificant. 

Quarrying is the standard method of winning stones of all descrip- 
tions. It is an industry by itself, with a great variety of methods of 
working adapted to rocks of different hardness and texture and cleavage. 
The quarrying of granite, marble, slate, sandstone, limestone, etc. for 
building purposes is different in each case, but in all the object is the 
same; i. e., to get the material out in blocks of definite shape and size. 
To this end expensive machinery is employed to cut around the blocks, 
to put in holes in great numbers for wedges, and in every way reduce 
the shock or jar by which the final separation of a mass of stone from 
the quarry bed is brought about. This kind of quarrying is very slow 
and costly. A short discussion of the methods and tools used in quarry- 
ing limestone as a building material is given in the preceding chapter. 

In lime burning the purpose of quarrying is merely to break the 
rock from its matrix in fragments of suitable size, and with no restric- 
tions as to shape. This process is a simple one, dealing with but few 
methods and utilizing, for the most part, low grades of labor, and very 
little machinery. 

It is not the intent to go into a general discussion of the art of 
quarrying stone at this place. Suffice it to say that, in general, lime- 
stone must be loosened and broken out by blasting. Hand-power tools, 
bars, levers, drills, wedges, etc., are too slow and costly. The universal 
method of loosening is to drill a hole into the rock to a sufficient depth 
for the particular place and purpose, load it with black powder or dy- 
namite, tamp the charge in with earth or stone chips, and explode it. 
The quantity of rock disengaged varies from a few hundred pounds to 
thousands of tons, according to the size, depth, and location of the hole; 
the quantity and kind of explosive; the hardness, tightness, and mineral 
structure of the rock, and the position of the hole with relation to the 
free or disengaged faces of the quarry. ‘‘Pop-shots,”’ composed of an 
inch of a stick of dynamite, placed in a hole three or four inches deep, or 
even on the surface of a loose rock, suffice to break up and loosen a 
few hundred pounds. Ordinary working shots, composed of five or six 
sticks of dynamite, or one keg of black powder, placed in a drill hole two 
inches in diameter and eight or ten feet deep may loosen from ten to 
one hundred tons, according to location and nature of rock. Large or 
important shots may use large quantities of explosives, cost hundreds 
of dollars to prepare, and may make loose material for weeks of steady 
work in removal. 

The requirements in quarrying limestone for lime-burning are dif- 
ferent than when operating for any other purpose. The intent is to pro- 
duce the greatest amount of stone of the largest dimension which will 
burn in a reasonable length of time with a minimum amount of care, 
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and at the same time leave the smallest amount of material too fine for 
burning into lime, on account of the fact that small stone fill the inter- 
stitial spaces in the kiln and choke the draft. The stone may be of any 
size or shape for two of its dimensions, but must not exceed about five 
inches in thickness. With stone having a greater thickness than five 
inches, it is very difficult to get complete burning to extend to the center 
of the stone, without seriously overburning the exterior. On the other 
hand, only a small amount of stone such as would pass a 4-inch ring and 
be retained by a 2-inch ring can be used on account of its influence on 
the kiln draft, especially when dependent upon natural draft, as most lime- 
kilns are. The use of forced or induced draft, however, permits the use 
of a larger percentage of small stone. For many lime manufacturers, 
the fine stone is not only a dead loss; it is source of expense to move 
it and an annoyance to find a place to put it, where it will not interfere 
with the future working of the plant. For this reason, the quarry 
operation is planned to produce as little of the small stone as possible, 
even though it costs more per ton to get the rock out. On this account 
the quarryman places his shots, and uses his explosives, with a view to 
breaking the stone out with as little shattering as is feasible, producing 
large masses that can be readily reduced by pop shots or sledging. The 
cost of sledging or breaking these masses in a lime quarry usually exceeds 
the total of all the other quarry costs, where rock is taken out for lime 
burning only. This cost can be much reduced by using heavier charges 
in the shots in quarries where crushed stone is sold in connection with 
lime. The crusher uses all the stone too small for the limekiln. Some 
lime manufacturers are running crushers, not as a direct means of profit 
but as a means of saving a part of the quarry cost of the lime produc- 
tion. 

Limestone is among the easy rocks to quarry. The hardness of 
calcite is only 3 and steel is 6.75 to 7, so that drills cut it readily. The 
presence of flint nodules or seams makes the stone much harder to work. 
Sandstone, though composed of individual grains of a hardness of 7, 
is not usually dense or solid in its rock structure and under blows the 
grains loosen from each other readily. Shale cut very easily also, so 
that locally in Ohio, limestone is the hardest rock quarried. But com- 
pared to granite, or any other igneous rock, it makes easy working. 

The older quarries operated on a small scale generally still use hand 
drills, with or without sledges, for putting in the holes for blasting. In all 
the larger modern quarries, present practice is to use compressed air drills; 
the smaller up-to-date ones use steam drills, having portable boilers 
for steam supply, on account of the loss from condensation by long- 
distance piping of steam. It would probably be economy to put in 
air compressors at many of the quarries now using steam drills. After 
the first cost, the expense of operating by compressed air is very light, 
as compared with the cost when operating by steam or hand power. 
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Quarry Costs.—Almost every degree of efficiency is represented in 
Ohio quarry operations, from the poorest management to the most eco- 
nomical. At a few points limestone is being delivered to the crusher 
at a cost of about twenty cents per ton. This would mean about forty 
cents per ton of lime produced, if similar stone could be used for lime, 
but we have already pointed out that the requirements were different and 
that for lime burning the quarry cost must exceed this. The following 
actual costs taken from the books of three Ohio firms who represent 
about average conditions show the total quarry cost from its location 
in the rock bed until it is in the kiln, on the basis of cost per ton of lime 
produced: 

One manufacturer gave as his average total quarry cost for one year 
per ton of lime made as sixty-seven cents. It cannot be stated, how- 
ever, whether fuel was included; if not, there would be an addition of 
ten to twelve cents to this cost. No crusher was in operation in con- 
nection with this plant. 

Another manufacturer gave as the average for 1905: 


Total | labor, explosives, etc., per ton of lime pro- 


1 ee 66.6 cents 
One-fifth of his total fuel cost .............cceceee 14.9 cents 
Total... ...ooooooeeeeeeeeneneneeeseneennnne 81.5 cents 


Another manufacturer, who has a crusher to take care of the fine 
rock, gave the following as representing the costs for one month of 
1905; all figures based on a ton of lime produced: 


Quarry foreman.......... 0c eee ee eee eee eeeaes 4.35 cents 
Drilling and shooting .............ceeeeeeeeeeaes 4.00 cents 
Breaking, sledging, (3 1 30.80 cents 
Driving and loading cars.........2..2eeecsceneenn 5.76 cents 
One-half engineer, fireman, and extra labor about 
plant and quarry ........... cece eee ence e cence 8.00 cents 
One-fifth tot fue COBE Loc cece cece cece eee neces 12.91 cents 
Stripping 0.02... . cece ccc cee e eee ee eene .12 cents 
Total... 0. ccc ccc eee eee ence ee nen 65.94 cents 


The total cost of getting the limestone into the limekilns of the 
state ranges from sixty cents to eighty-five cents per ton of lime man- 
ufactured, at the various plants. With the majority this cost exceeds 
seventy cents rather than falls below that figure. From observations 
elsewhere it is safe to say that the average Ohio operator is doing this 
work as cheaply as it can be done in other states, and it is probable that 
in some of Ohio's best plants this cost would be very close to that repre- 
senting the minimum for the United States. 


Transportation to the Kiln.—There are still a few small old-time 
plants where the stone is hauled from the quarry in carts, dumped on 
the ground and then elevated to the top of the kiln by a hand-power 
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hoist, using a big sheet-iron basket to hold the stone. There are also 
a few where the limestone is carted up a stecp incline to the top of low 
kilns, where it is either dumped into the kiln, or on a platform, and 
shoveled in later. These methods are both very crude and should be 
abandoned. At a few points where the kilns are located on lower 
ground than the quarry, the stone is run out by gravity on trestles to 
the tops of the kilns. The great majority of the manufacturers today 
use an inclined tramway and cars operated by a drum and cable for 
elevating the stone direct from the quarry to the kiln. Some haul the 
stone to the base of the incline in carts and. dump into the cars. Others 
have more cars and a complete track system in their quarries and load 
direct to the cars that go up to the kiln. The cars are run to the base 
of the incline usually by gravity and then hooked onto the cable. This 
is the most economical way of handling the stone. Very little has been 
done so far in the way of using automatic dumping. This should be 
looked into, since practically all the kilns have storage hoppers for 
holding enough stone for at least one day’s supply. Since conveyors, 
which have been tried in other states, have thus far proven unsatisfac- 
tory, we must conclude that the inclined tram, with automatic arrange- 
ments for dumping, would represent the best practice for this purpose. 
It is not so expensive to install as would be the automatic dumping 
skip as used at blast furnaces. The latter, however, when once installed 
would give but little trouble in operation. There might be some diffi- 
culty in adjusting the automatic-dumping tram system to accurate 
enough operation to meet the requirements of those using induced draft 
and closed-top kilns. Sugar refiners’ limekilns usually have a vertical 
lift and dump into a movable bell, operating just as old blast furnaces 
formerly did. 


BURNING. 


The burning or calcination of lime is a chemical process, which may 
be brought to a moderate degree of success with the use of little skill and 
no chemical knowledge. It suffices to merely place the limestone in 
a common stove or bonfire or in any kind of furnace where it will become 
red hot. The decomposition of the carbonate takes place at a red heat, 
more or less completely according to the other conditions, but still yield- 
ing lime, whether economically or wastefully, if the red heat is attained 
and maintained a few hours. 


Consequently, our pioneers made their lime by burning the stone 
in heaps, on the ground, using logs to surround and cover the limestone, 
and keeping up the firing until the whole center of the fire had been 
visibly red hot for hours. The lime obtained from such a pit would be 
verv imperfect—there would be hard lumps or cores of undecomposed 
stone in the center of the larger pieces and the small pieces even might 
be insufficiently burnt around the edges of the pit or in the center. 
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But the good was readily separated from the bad by slaking. The 
lumps which would not slake were removed from the box and that which 
did slake made a very good mortar, entirely sufficient for the needs of 
the time. Lime pits of this sort may still be found in backwoods com- 
munities. This primitive method is exceedingly wasteful of fuel, and 
produces ‘but a small yield of good lime. It is mentioned merely to 
show how simple the process of manufacture may be if once the economy 
of the process is allowed to drop out of consideration. 


On:the other hand, every step and every factor in the operation 
of lime burning has a definite significance, and the production of a high- 
grade lime with high-grade economy is as truly a technical process, 
demanding skill and knowledge, as any other chemical manufacture. 
There is need of trained chemists in this industry to put it upon a dis- 
tinctly scientific plane. 


The Kiln.—Lime is burned in vertical shaft furnaces or kilns, usually 
of very simple construction. There is much variation in the diameter, 
cross-section, height, material of lining, fireplaces or method of using 
the fuel, length of cooling chamber, etc. The first form of kiln to sup- 
plant the open heap or ‘“‘pit” is the so-called ‘‘pot”’ kiln, in which the 
fuel and stone are fed in at the top together. This is a cylindrical shaft 
or inverted truncated cone from eight to fifteen feet high and four to 
eight or ten feet in diameter. It is usually built of limestone or stone 
masonry of some sort, and crudely braced with iron tie rods. In some 
instances, it is built in a shaft excavated from the solid rock and close 
to the edge or face of a quarry, so that the stone is dumped in at the 
ground or surface level of the top of the bank and removed at the ground 
or surface level of the bottom of the pit or quarry. In this case, no 
bracing is required, but the cavity of the shaft must be kept from ex- 
tending by lining it with firebrick or sandstone. 


The pot kiln is still in use in Ohio at some few locations. Its day 
is on the wane, however. While at first sight there is not much change 
in limekiln construction in the last fifteen years, since most of the old 
kilns are still standing and many are operating, the fact is that changes 
are in progress all the time and all pointing to a much higher grade of 
technical results in the lime industry. 


The use of coal as a fuel is almost universal now in the larger plants, 
and with it kiln construction tends to slightly narrower and higher 
kilns. The use of coal has also led to the use of forced or induced draft 
by steam or fans, or by some patented system whereby the hot gases 
from the kiln after partial cooling in the stack are drawn out and forced 
through the kiln furnace again. Aside from this, the tendency is to 
reduce hand labor as much as possible by the use of conveyors and horse 
carts instead of wheelbarrows. The tendency is to have better housed 
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plants and to centralize production. Instead of eight or ten different 
plants operating one or two kilns each, the tendency is to get all these 
kilns together on one location and operate them as a unit. 

The kilns constructed in recent years differ from the old pot kiln. 
First: The fuel is burned in furnaces and not mixed with the stone as 
was the case with the former. Second: The kilns are arranged so that 
the operation is continuous, the kiln is never emptied and cooled except 
for repairs. Third: The kilns are of greater height. Fourth: They 
have a less diameter also. Fijth: Coal is almost universally the fuel 
used. Sixth. The introduction of systems for preheating the air supply 
has begun. Scventh: The use of a jet of steam for forcing the draft is 
common. Eighth: The use of draft forced or induced by mechanical 
agents is now common. Nzuth: Natural gas is used as a fuel in some 
places. Tenth: The installation of gas producers and the use of arti- 
ficial gas has been tried successfully. Eleventh: The use of systems of 
semi-gas producer firing has also been tried. From the above state- 
ments, we see that there have been made many changes in methods of 
lime burning and many innovations introduced since the time of the old 
pot kiln. With all these improvements, which have increased the 
capacity, reduced labor, and improved the product, it is very doubtful 
as to whether any of the kilns in operation today could show any better 
fuel economy than could be obtained from'a well managed pot kiln. 

For a kiln to use coal as fuel, and only natural draft, without steam, 
the writer considers a rather broad and short kiln stack about fifteen 
feet in height as representing the best modern practice. With the use 
of steam a slightly higher stack would be advantageous. Fifteen feet 
may be taken as a fair average. If stone is selected from the quarry 
down to about 114-inch ring, or if the quarry be one naturally producing 
much small stuff, or if the stone be of a type which suffers disintegra- 
tion in the burning, then it is probable that fifteen feet would be some- 
what too much. On the other hand, treating a stone which would not 
pass or only barely pass a 6-inch or 7-inch ring, and using the smaller 
stuff for crushing, especially where the stone is of a type which does not 
disintegrate, it would be desirable to build the kiln from twenty to 
twenty-five feet in height. The use of wood fuel or some such system as 
the Eldred process, by which the flame is thrown further into the body 
of the kiln, would permit the use of five or eight feet additional. 


The dimensions of such a stack for natural draft would be about 
as follows: 


Feet. 
Height, grate bars to top... 0.0... ccc cee ees 15 to 20 
Diameter, inside of lining, at top ......... 02... cece ee eee 9 
Diameter, inside of lining, 8 feet helow top ............... 7 
Cross section, 5 feet: above grate bars, round corners ....... 4x7 
Cross section at grate bars. ........ 0. ccc cece cece eee 4.5x6.5 


Diameter, one foot below grate bars 


Cooling chamber of metal, 7 feet deep, top diameter 6 feet, 
bottom 


| 
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The total grate area, when coal is the fuel used, should not be less 
than two-thirds and need not be more than the area of the cross section 
of the stack space at that point. 

There may be either two or four furnaces, preferably four—two 
on each side built symetrically in the center of the long dimension of 
the kiln and facing each other across the shorter dimension. If there 
is any underburned lime, it is always found in the center right between 
the fire arches which face each other. It seems that the flame and gas 
currents tend to diverge to right and left on entering the kiln rather than 
to penetrate straight through, since stone will be completely burned at 
a much greater distance from the fire on both right and left and stone 
in the center of the kiln which is much closer to the fire will be left with 
core init. Round kilns, especially those of smaller diameter, when cooled 
off for repairs almost invariably show evidence of the greatest heat 
having traveled to the right and left or to the sides on which there were 
no furnaces. 

When using a forced or induced draft the height may be made 
greater, with increased economy of fuel, as the gases escape cooler. The 


following dimensions will be found good:, 
Feet. 


Height, from grate bars to top ........cececscscsccees 30 to 40 
Diameter at top, inside lining ............ cece eee ccccces 6 
Diameter, 10 feet above grate bars, inside lining ........... 
Cross section, 5 feet above grate bars inside lining......... 5x7 
Cross section, 2 feet above grate bars inside lining......... 5x7 
Diameter, 1 foot under grate bars ..........ccccececccccces 
Cooling chamber of metal, 9 to 12 feet deep, top diameter 

6 feet, bottom... cece cece ccc weer ccc cc cccoseeece 2.5 


For natural draft the wide low kiln is recommended, because the 
jarger cross section gives more space for the upward passage of the 
kiln gases, as well as a shorter trip through the twisting and devious 
passages to freedom at the top. _ This reduces the resistance to the 
movement of the gases and makes more of the natural draft, due to 
difference in temperature and height, available to aid complete com- 
bustion. Kilns of this type are shown in section in connection with the 
plans of the plants of the Woodville White Lime Company, Woodville, 
Ohio, on page 359, and that of the Scioto Lime and Stone Company, 
Delaware, Ohio, page 353. The Woodville plant which is using induced 
draft on these short kilns would no doubt obtain a much higher fuel 
efficiency if their kilns were twelve to twenty feet higher than they are 
today. 

If kilns using only natural draft were built much higher, the gases 
leaving the top of the kiln would be cooled to such an extent that the 
draft would be insufficient to keep the fires in proper condition. The 
escape of these gases at a fairly high temperature means loss of heat, 
but it is unavoidable with natural draft. With the tall kiln, using 
forced or preferably induced draft, this heat loss is unnecessary since 
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the kiln gases can in this case give up practically all of their heat to the 
descending limestone in the long upward passage. The tall kilns are 
shown in section in connection with the plans for the plants of the 
Standard Lime Company, Gibsonburg, Ohio, page 365, and that of 
Seneca White Lime Company, Fostoria, Ohio, page 349. The kilns of 
the Gibsonburg plant are well proportioned for coal and induced draft, 
but for the use of producer gas and induced draft a larger cross section 
at the firing arches would be desirable and result in increased capacity 
with no reduction in fuel efficiency. An induced draft system would 
probably increase the capacity of the kilns of the Fostoria plant, which 
is using natural gas as a fuel. 

Kiln construction should be varied, with the size of material to 
be used, and with the method of firing adopted. In any case, the cooling 
chamber should be ample. If it extends seven to nine feet below the 
grate bars, and has as large a diameter as convenient, it will be sufficient 
for kilns with natural draft and capacities of sixty to eighty barrels in 
twenty-four hours, but for kilns using induced draft, and having capac- 
ities of one hundred and ten to one hundred and thirty barrels per day, 
this would be insufficient to properly cool the lime. In the latter case, — 
twelve to eighteen feet of cooler will be desirable. The construction 
should be for the most part of metal and as much of the surface exposed 
to the air as possible, unless, as might well be done, the cooling chamber 
is lined by pipes or made double and hollow so that air supply for the 
furnace may be drawn through them and preheated, in which event 
the outside should be insulated and the length of the cooling chamber 
increased. . 

While Ohio probably produces lime as cheaply as any other state 
in the Union, no safe conclusion could be arrived at as to the best height 
of stack to use from practice as exemplified in Ohio kilns, since kilns 
ranging in height above the grate bars all the way from twelve to thirty 
feet, irrespective of firing conditions or size of limestone burned, can be 
found. 


Many manufacturers could not show the detailed costs of produc- 
tion which would be the necessary preliminary to a safe comparison of 
kiln efficiency. The total lime cost was usually available, but other 
conditions vary so much that this total cost would not do as a basis 
of analytical study of kiln heights. There was obtained, however, suf- 
ficient evidence of a reliable character to amply justify the preceding 
suggestions, as representing the best Ohio practice. 


A closer sizing of the stone burned and the use of smaller stone 
than is the present practice in Ohio seems to the writer to be very de- 
sirable. 


The Fuel. 
Ohio for lime burning; these are (1) wood, (2) natural gas, (3) crude 
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petroleum, (4) coal. In addition, various artificial fuels, or fuels which 
have undergone partial alteration from their natural condition, should 
be mentioned, viz: coke, reduced oil or petroleum residuum, and the 
various manufactured gases, chiefly producer and water gas, or a mixture 
of both. While the lignites and peat compressed into bricks are much 
used in foreign countries for lime burning and prove very satisfactory 
fuel for this purpose, it is not at all likely that they will ever be used in 
Ohio, since there is neither peat nor lignite in Ohio in commercial 
quantity and coals of higher grade are in easy reach to supply the fuel 
demands. Provided lignite or peat beds were located close to the kilns 
they might be used with economy, but these fuels would not stand a 
long freight haul. | 

Of these fuels, wood is the one best suited technically, and the one 
accepted by precedent. Unfortunately, the quantity of wood available 
for such crude manufacturing operations has become so reduced that 
only in a few favored localities can it be obtained. The lime plants in 
the Sandusky district have been for years employing steamboats to 
bring wood from Michigan and Canadian points, but are now driven by 
the constantly increasing prices and longer distances of the haul to use 
coal. 

Natural gas was employed widely for a few years—1884 to 1890— 
but it soon became apparent that if gas were applied to such crude pur- 
poses there would be but little left of the local supplies for the more 
profitable uses of cooking and heating in homes and business buildings. 
In 1901, one plant in Springfield was still using gas, but has since ceased. 
While natural gas is an ideal fuel for this or any other purpose, it is cer- 
tainly true that nothing but wasteful, almost criminal, extravagance 
would permit its use for burning lime, or brick, or making steam in a 
boiler. The natural gas supply should be preserved for domestic uses 
only. Within the last few vears the supply from some of the largest 
gas fields of southeastern Ohio and West Virginia have been piped 
through to Toledo, passing through some of the lime territory. <A few 
lime manufacturers have taken advantage of the availability of this 
gas for lime burning, although they realize that if it is used for all pur- 
poses they can only have it for a few years at most and must eventually 
go back to coal as their fuel. In 1905, one plant at Marion, one at 
Fostoria and one at Tiffin were using natural gas. 

The plants using natural gas show a slightly higher fuel cost than 
those using coal, but the total cost per ton of lime produced and marketed 
is about the same, the labor saving with gas taking care of the small 
additional first cost of fuel. These plants will undoubtedly fall back 
on coal again in a short period of time. 

Crude oil is another fuel of the same sort, though a much stronger 
case may be made for the legitimacy of using it for such purposes. In 
the first place, it is not volatile as is gas, and the supply is not escaping 
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at every minute leak, nor is the visible supply decreasing at a parallel 
rate. Secondly, there are many crude oils which are of heavy nature 
and poor in the lighter hydrocarbons, like naptha and kerosene, and 
these are not profitably distilled. Others again are so rank with sulphur 
compounds that it is difficult to deodorize them and hence they are not 
desired for the still. 

The use of these fuel oils in manufacturing operations is legitimate. 
Also, the demand for the lighter distillates, naptha and illuminating 
oils, is far in excess of the use for the moderately heavy lubricating 
oils and waxes, so that large quantities of these heavy residual oils are 
available for fuel at rather low prices. As they must be disposed of 
promptly, manufacturing industries offer the best market. 

The use of crude oil, either raw or partly distilled, is, however, con- 
fined to a few localities only. It is not general, nor likely to become 
general in Ohio. The situation in Texas and southern California in- 
dicates that it may become a supply of considerable duration there. 

The use of coal is a recent matter in limekilns and only became 
general under the stress of necessity. Old lime burners for many years 
protested that it could not be used successfully, and even now that it is 
the general resource, still claim that its results are far inferior to the 
wood to which they are accustomed. But, although the use of coal has 
required new methods of firing and some careful study on the part of 
burners, it is well proven to be a successful and desirable fuel if handled 
with skill. In fact, it is the only widely available fuel remaining, and 
its proper utilization is therefore a matter of prime importance. 

Washed nut or slack coal is the usual form in which coal is applied 
to lime burning. At a number of plants “run of mine” is employed. 
At a few, coal and wood are jointly used. Good open-burning bitu- 
minous coal is referred to. Gas coal is preferable, but is not often avail- 
able. Coals low in sulphur should be used. With natural draft, coking 
coals are very troublesome on account of the coal fusing and coking so 
as to cut off the draft. 

Any lime producer, if asked what fuel will produce the best lime, 
will say “wood,” and give as his reason, ‘it has a long flame.’’ Natural 
gas has a long flame, but its calorific value is so high that great care is 
necessary not to overburn the lime. Aside from this, the amount of 
water produced in combustion is so large, that there is danger of fire- 
slaking, if everything is not exactly adjusted. Oil, vaporized by steam, 
comes nearer to duplicating the wood fire than any other fuel now in 
use for this purpose. The use of oil gives very large kiln capacities also. 
Lima oil, however, introduces sulphur compounds which are not ad- 
vantageous. At any rate, the price of crude oils would ordinarily be 
prohibitive, and even if cheap enough there could be no guarantee that 
it would not shortly be pushed up to a very high price so that no one 
would care to take chances on putting in equipment for its use. 

18-8. G.—Bull. 4 
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The introduction of some sulphur with coal cannot avoided, but 
it can be kept at a minimum by the use of coals low in sulphur or washed 
coals. Much can be done, however, in the way of improving the efficiency 
of coals, by selecting the right kind of coals, and by the proper manipula- 
tion of them during the burning, or by converting them into a gas of 
the proper composition for the best results. 

Before we can decide how to modify our coal flame, to produce the 
best results, we must, if possible, determine the fundamental reasons 
why wood is the ideal fuel for lime burning. We must look to the com- 
position of wood as ordinarily used and the nature of the flame produced 
by it for a solution of the problem. We may take air-dried wood as 
being made up of forty per cent. carbon, forty per cent. of hydrogen and 
oxygen in the proportions necessary to make water when completely 
burned, and twenty per cent. hygroscopic water. 

This produces a long flame of low intensity. The hydrogen in the 
forty per cent. of hydrogen and oxygen above is necessary to the long 
flame. The twenty per cent. of hygroscopic water increases the length 
of the flame by cooling the gases and retarding rapid combustion, at 
the same time lowering the intensity of the flame by absorbing heat and 
transporting it to the stone. The above property of the flame, accom- 
panied by the fact that the presence of the moisture or steam produced 
by burning wood materially lowers the temperature at which limestone 
is decarbonized, furnishes very good reasons why wood is the most 
desirable of fuels for this purpose. 

In an attempt to duplicate the above conditions the best basis to 
work on will probably be that of the relation of hydrogen to carbon, 
since the water or steam can be readily supplied at the time of burning. 
This relation for the various fuels follows: 


Table XXV—Composition of Fuels. 








Carbon parts. Hydroge n 
Natural gas ..... 0.2 cee ccc cc eee eee e ees 100 35 
Rock oi]... 0... cc cc cece etc eee eee 100 19 
#Wood «ccc ccc cc cere nee nennen en en ne 100 12.18 
*Coal (bituminous).......-..-eoeereeenennnnen 100 6.12 
%Coal anthracite ........... cece cece ccc eceen 100 2.84 
Producer gas (ordinary) ..............eeeeeee- 100 8 to9 


A gas made from bituminous coal, in a producer, supplying one- 
fourth of the required oxygen from steam and three-fourths from air, 
or using for one hundred pounds of coal two hundred pounds of air and 
twenty pounds of steam, thus making a mixture of producer and water 
gas, gives a product in which the rates of the carbon and hydrogen is 
100 to 14. 


From Chemical Technicology Fuels, Vol. I, pe 58. 
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From the preceding, it is evident that the fuel nearest to the wood 
is the mixed water and producer gas. Since oil introduced with steam 
spray has proven very satisfactory, it is probable that a ratio of carbon 
to hydrogen ranging anywhere from that of oil to that of wood might 
well be used—between 10 : 2 and 10 : 1, with a preference for the ratio 
10:2. The carbon monoxide (or carbonic oxide), which is the chief 
constituent of the producer gas, yields a moderately long flame of low 
intensity. By the introduction of a proper amount of steam with this 
gas, the conditions of wood burning should be closely duplicated, except 
that the introduction of some sulphur is inevitable, where coal is used 
in any form. 

At Toledo, Ohio, in June, 1903, Mr. Charles Warner, of Wilmington, 
Delaware, in discussing the fundamental principles of combustion and 
draft as applied to lime burning, before the National Lime Manufac- 
turers’ Association, suggested that the relation of the fixed carbon to the 
hydrocarbons might be used as a guide in selecting the best coals for 
use in lime burning. He stated that other things being equal, the best 
results would be obtained from the coals lowest in fixed carbon and high- 
est in volatile hydrocarbons. This might better be stated as follows: 
The coal which has the smallest ratio of fixed carbon to volatile carbon 
—i. e., that present in a volatile combination—will be best. He cites 
the low carbon content of wood as well as the desirable results obtained 
from gas coals, which are always low in fixed carbon, as supporting this 
suggestion. This suggestion is a valuable one, since the needed infor- 
mation is in a general way furnished by the proximate analyses of coals 
which are the kind of coal analyses usually available. This, of course, 
only gives a comparison of total volatile matter, as compared to fixed 
carbon, and in some cases might lead to very erroneous conclusions, 
especially if the ash were very high, since in such a case there might 
have been present water in combination or carbonates. Both this water 
and the carbon dioxide of any carbonates would appear as part of the 
volatile matter. If we had a determination of the calorific value of a 
coal, we could determine some of the suitability for lime burning, since 
a high calorific value indicates the presence of hydrocarbons, and not 
inert volatile matter in the volatile constituents of the coal. This, 
accompanied by the proximate analysis, would permit a more reliable 
estimate to be made of its probable value in lime burning. 


We might, then, on this basis, consider a coal a very promising one 
which would answer the following requirements: 


Ist: High calorific value................ 7,000-8,000 calories. 
or 12,600-14,400 B. T. U. 

2nd: High in volatile matter................. 32% or more. 

3rd: Low in fixed carbon..... ......2. eseeee 60% or less, 

4th: Low in sulphur............. ccc eee eees 1.25% or less. 


5th: Low im aSh....... cece cece eee eens 5% or less. 
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There are many coals that will answer these requirements. 

Where the ultimate analysis of a coal is available, there is another 
ratio other than those previously considered, that is of some importance; 
i. e., the hydrogen should be high, and the oxygen low. 


Use of Producer Gas.—Of course, with the use of a gas producer, 
some heat is bound to be lost by radiation. The closer the producer 
is to the kiln, the less will this loss be. It might even be built partially 
within the kiln walls, and with such a construction the loss due to 
radiation would be very small. Even with a detached producer, the 
increased efficiency of the fuel will more than counterbalance any loss 
due to radiation, in the opinion of the writer. 

It would be premature to state definitely whether the gas producer 
in lime burning is a complete success as used today, or whether it intro- 
duces economy sufficient to counterbalance the large outlay consequent 
to its installation. Gas producer equipments have only been in use in 
this connection for a very few years. It is a very pertinent fact, how- 
ever, that those who have installed producer plants have not abandoned 
them as yet, and the tendency is rather to increase the number of pro- 
ducers in use rather than to diminish them. One firm operating outside 
of Ohio, having used a producer for about a year, said: ‘‘We are not ready 
to either recommend or condemn the gas producer for lime burning.”’ 
This firm found the fuel consumption about the same or a little greater 
than when using coal direct in the furnaces. They also could get in- 
creased capacity from the kilns for a day or two, but when it came to 
averages, month in and month out, they were apt to show slightly less 
capacity than formerly. This was due to the frequent delays caused 
by soot collecting in the flues, and to irregular working of the producer. 
Another manufacturer outside of the state, who has been using a pro- 
ducer a short time, feels that he gets very little increase in capacity, 
but saves a little on labor and has fully as good, if not greater, fuel 
efficiency. In Ohio, there are two plants equipped with gas producers. 
At one of these, a material increase in kiln capacity is claimed. Their 
fuel cost is very close to what is shown as the average for the better 
Ohio plants; i. e., from 3 to 3.25 pounds of lime for a pound of coal. 
The other plant shows small capacity per kiln, but a very high fuel 
. efficiency. While this latter plant probably shows the highest fuel 
efficiency within the state on lime burning alone, they have not been 
able to reach five pounds of lime for a pound of coal, which is reported 
to have been obtained at the plant at Cedar Hollow, Pennsylvania, which 
was using the Eldred system of burning. 

The following brief description and comment is abstracted from 
an address before the National Lime Manufacturers’ Association, July, 
1904, by Mr. H. P. Dodge, who was at that time manager of the Toledo 
White Lime Company. His subject was ‘Application of Producer Gas 
to Lime Burning.” 
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At the time the address was made, he had had a little over a year's 
experience in the use of producers, and while he had met some obstac es 
and saw where mistakes had been made in the installat on, he was still 
satisfied that it was a good thing and a paying investment. The capacity 
of the kilns were increased from 13,000 pounds per day to 15,500 and 
he expected to do better than this. The fuel cost remained about the 
same, but there was a saving of about 10 per cent. in the ‘abor cost. 
The producers and installation were put in by Wm. Swindell and Broth- 
ers, of Pittsburg, Pa. Three producers. built to convert eight to ten 
tons of coal into gas in twenty- our hours, were able to supply eight 
kilns, but did better work on five or six; that is, the fuel efficiency was 
greatest when the smaller number of kilns was in operation. The kilns 
farthest from the producer always showed the largest capacity. A 
stack sixty feet high by fifty inches inside d ameter was found necessary 
for burning out the tar and soot from the flues satisfactorily, and this 
preferably should not be located very far from the producers. The 
firing ports entering the kiln should not be too small. Good, clean coal, 
high in volatile matter, was found best. Run of mine also had a pref- 
erence as to size of coal to use. The expense of keeping up the pro- 
ducers was very slight. 

The kilns are about 6 feet in diameter inside and the height from 
the top of the eye to the top of the iron work is 17 feet. They are 
rather short for gas firing. It was the intention of this Company to put 
on an induced draft system, using an exhaust fan, in which event these 
kilns would have about the right diameter, 6 to 6.5 feet, but for economy 
in fuel would lack about fifteen feet of the requisite height. 


At the plant of the Standard Lime Co., Gibsonburg, which is the 
only other Ohio plant using gas producers, the equipment is somewhat 
different. Here one large producer built by the Duff Patents Co., of 
Pittsburg, to convert fifteen tons of coal to producer gas in twenty-four 
hours, is furnishing the fue! to operate seven kilns, and it is probable 
that they will try to operate two more with this one producer. 


The kiln capacity is low, but the fuel economy is very good, com- 
pared to other Ohio plants using coal fuel. The kilns here are tall and 
narrow, being only about five feet in diameter at the fire arches. The 
stack is about thirty feet above grate bars. Only natural draft is used, 
except such forced draft as is obtained by the gas pressure and the 
pressure of the air for combustion, which is forced into the fire boxes 
at one side by a fan. There are but two burners to a kiln here. The 
kiln gases leave the kiln so cool that a man suffers no great inconvenience 
in wa king across the top, at any point where the storage hopper is well 
filled. The producer is located at one end of the battery of nine kilns, 
and the burn-off stack is close to it. It is customary here to burn out 
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the tar and soot from the conduits once a week. The location of the 
kilns, producer, and connections, are shown on the plans of this plant 
given on page 364. 

The capacity of these kilns would probably be materially increased 
without decreasing their fuel economy, which is today above the average, 
if their cross section were increased to six feet at the fire arches, or per- 
haps better to five by seven feet. This plant is exceptionally well built 
throughout. No expense has been spared where an investment would 
produce economy in labor or fuel. | 

The illustration on page 280 is a portion of the firing floor, showing 
part of the gas main and burners: 

In this case, it will be noted that the gas main comes beneath the 
burners. | 

The capacity of this plant could be greatly increased by the installa- 
tion of another producer, and the addition of induced draft to their 
system, but it is a question whether this would g ve added fuel economy. 
It might even reduce that already attained. 

Figure 21 shows another producer which, so far as is known, has not 
been used in lime burning, but is well established in other industries. 

A number of devices are in use as the result of efforts to make the 
coal fire accomplish the same results as are obtained by wood firing. It 
is difficult to get as long a flame from coal as from wood, or, in 
other words, it is difficult to carry the heat as far into the kiln with coal 
as with wood, without overburning a portion of the lime. Since lime 
is a very poor conductor of heat, heating by conduction is very slow, 
and as a consequence one side of a stone might be overburned before the 
other side had even started to give off its carbon dioxide, if the firing 
were too intense. . 

One of the devices referred to is to introduce a jet of steam beneath 
the grate bars of the furnace. This serves a fourfold purpose: 


First: It keeps the grate bars cool by absorbing heat from the 
first hot body it strikes, and thus prevents clinkers adhering to them, 
keeping the fire “open,” or “free,” as the firemen say. 

Second: It forms a forced draft to some extent, since it enters the 
closed ash-pit under pressure. . 


Third: In its passage through the bed of coals it converts some 
of the glowing carbon into water-gas, and thus carries the center of com- 
bustion farther into the kiln 


Fourth: The water vapor, broken up by the glowing carbon, which 
takes from the water its oxygen to form carbon monoxide, and leaves 
the hydrogen of the water in a free state, is again converted into water- 
vapor by combustion a little later This combustion of the free hy- 
drogen generated from the water vapor takes place as soon as a sufficient 
quantity of pure air to supply the necessary oxygen to again form water 
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vapor is allowed to mingle with the furnace gases. Combustion will 
ensue immediately if the temperature is high enough to gnite the hy- 
drogen, and this is always the case in the furnace of the | mekiin. If 
the gases did not get into contact with each other until the cooler parts 
of the kiln were reached, they might not combine, in which case the 
steam would be occasioning a heavy loss of heat. 

It must be understood that the introduction of water-vapor does 
not make heat—it simply aids in distributing the heat better. The 
decomposition of the water-vapor in the incandescent fuel: bed of the fire- 
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Figure 21.—Cross-section of a gas producer widely used in the 
metallurgical industries. 


box consumes heat very rapidly. It cools down the firebox. and pre- 
vents local overheating. Then, when the reburning of the hydrogen 
occurs later on, it merely gives back the same amount of heat that the 
decomposition of the water-vapor consumed. But, as this recombina- 
tion takes place higher up in the kiln, it has the effect of spreading or 
lengthening out the zone of heat production, but not of chang ng the 
amount of heat produced. 

Furthermore, the water-vapor formed by the recombination of the 
hydrogen is formed at or near the point where the carbon dioxide is 
leaving the limestone. This is a very desirable state of affairs, since it 
has been shown that when steam or water is present, the carbon dioxide 
leaves limestone at a temperature of about 200° C. less than when 
steam or water-vapor is absent. 
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However, steam must be used with caution, for two reasons. First: 
If care is not exercised in its use, some arches are very apt to be melted 
down. Second: If too much steam is introduced, fuel is wasted as well 
as steam, since it is necessary to raise this steam or water-vapor to the 
temperature of the gases leaving the stack, which is usually greater than 
that of steam. If, however, the stack is of sufficient height, so that the 
heat is all absorbed by the stone, there would be no loss. But such a 
state of affairs would give very poor draft. 

This introduction of steam under the grate bars virtually makes 
a water gas producer of the kiln furnace. The largest producers in Ohio 
have shown their wisdom by doing this. In order to duplicate the con- 
ditions of wood firing, it will be necessary to introduce water spray or 
steam into the firebox above the grate bars, as well as underneath them. 
While this is better than nothing at all, it cannot be handled so satis- 
factorily as with gas. The steam put in above the grate bars does not 
become so intimately mixed with the gases as they are burning, nor can 
the conditions be maintained with regularity, since the air supply is 
very irregular on account of the necessity of opening the furnace to in- 
troduce coal. A mechanical stoker, in an inclosed space, would help 
out with this procedure. It will probably be found advisable, or at 
least desirable, to use a fan on the top of the kiln, to produce a suction 
on the fire, rather than to force the gases into the kiln, on account of the 
reversal of the current when the furnace doors are open. A sufficiently 
strong jet of steam above the grate bars would serve the same purpose, 
acting as an air injector This, however, would probably require the 
use of too much steam for the good of the lime, as well as for economy 
in operation. . 

Another device is that known as the Eldred system. The patent 
upon which this is based will be described later. This is sort of a re- 
generative process of firing. A fan is connected up so that fresh air, 
or the kiln gases drawn from the stack, or a mixture of both (which is 
the usual procedure), may be forced into the ashpit. The practice is 
to force the fire with fresh air for a time, and then blow in kiln gases, 
which are still quite warm, then again force the fire by fresh air, etc., 
thus feeding the fire with a mixture of air and kiln gases, in such pro- 
portions as shall give the proper kind of fire. This alternate forcing 
with air and kiln gas first forms a very hot bed of carbon, which then 
gives its heat up to the inert kiln gases, which cannot support or promote 
much combustion, and a portion of the carbon dioxide is no doubt 
reduced to carbon monoxide, which burns to carbon dioxide again in 
the kiln furnace when it comes in contact with fresh air. These highly 
heated gases are then forced on through the stone and give up most of 
the heat taken from the glowing coals. The inert kiln gases simply act 
as a medium for carrying or transferring the heat from the fire to the 
stone in the kiln. 
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Several parties who:have used this system state that it is the means 
of saving fuel. With careless handling of the fire, there would be some 
danger of having a little recarbonized lime, which would behave much 
the same as dead or overburned lime. In other words, the system re- 
quires skillful operation if more than ordinary results are to be obtained. 

Systems such as the Eldred are gas producer systems, in a way, 
since in the passage of the kiln gases back up through the glowing car- 
bon on the grate bars with a dearth of air, or the oxygen supplied with ‘ 








"sy, 


Figure 22.—Sketch illustrating the Eldred system. A, kiln shaft. B, ash pit. 
G, grate. E, duct from fan into ash pit. C, point at which kiln gases 
are taken off by the fan. F, fresh air valve. H, down pipe. J-K, 
door to fire box and ash pit. 


the air, a portion of the carbon dioxide (or carbonic acid) is reduced to - 
carbon monoxide (or carbonic oxide), which is reignited when it comes 
in contact with sufficient air in the combustion chamber. In this way, 
the gas is carried well into the kiln before combustion is complete. This 
is a good feature of the system, since this gas gives a good flame of low 


intensity, and is not apt to overheat the lime, even when burning in 
actual contact with it. 
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A system of semi-gas firing, and a kiln constructed for that purpose, 
is described by Theodor Gerhard.* Since there is nothing of this sort 
in use in this country, we give the following translation by Professor A. 
V. Bleininger, of a portion of the article referring to the semi-gas fired 
limekiln used by him, as follows: 


“There are four generators located around the circumference of 
the kiln, so that the gases pass directly into the shaft of the kiln, which 
is 2.9 meters in diameter at this point. A temperature of 1100 degrees 
C. to 1300 degrees C. is maintained within this zone, and for a height 
of 3 meters above it. 


“In order to obta n the greatest heating value from the fuel, the air 
used in the formation of the gas is preheated by being drawn through 
the ash and cinder on an inclined basket grate, which has an arrangement 
for closing the space in front of it, and the air for combustion is preheated 
by the radiation from the generators and the cooling burnt lime, by draw- 
ing it in through a cast-iron heater in the center of the kiln shaft. This 
heater prevents the air from coming in contact with the cooling lime. 
The lime heats the air by radiation through the iron. The air only 
comes in contact with the lime where it meets the gases in the kiln 
shaft. 


“This kiln is fired with gas produced from a mixture of Silesian 
small or nut coal (twenty-six to thirty per cent.) and an earthy lignite 
(seventy to seventy-four per cent.), in four generators, burning in 
twenty-four hours a total of 6.6 tons (of 2,200 English pounds each) of 
coal. The grate space is usually kept closed by the removable door T. 


“The gases from the generators B pass through the mouths or firing 
arches D into the shaft filled with limestone before they meet the air 
necessary for their combustion. 


“Tf it is desired to interrupt the flow of gas, the coal is burned down 
to the door and is raked away, the grate door is opened and the drawing 
door “O’’ isopened. In this way the draft on the generators is sufficiently 
lowered so that gasification ceases, and the air passes over the top of 
the fuel. Should any lime or limestone have fallen into the fire arches, 
it is now removed. At other times when this removal may be neces- 
sary, it is accomplished through the grates. If it is necessary to stop 
the flow of gas for any length of time, and hold the heat with closed 
doors, as would be the case over Sunday, the producers are fed with 
lignite only for several hours, and the fire banked by putting on a good 
covering of ashes; the ash door G and the doors V and T are luted 
tight, to keep out all air. 


“In operation a small amount of air is admitted’ through peep holes 
closed with loose clay plugs into the generators above the glowing fuel, 
in order that sufficient combustion shall take place, to bring the gases 


*Thonindustrie Zestung, 1902, Nos. 11 and 14, pp. 103 and 144. 
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Figure 23.—Gerhard Lime Kiln. 
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to a higher temperature. These gases have in their production been 
cooled to about 800° C. Some carbon monoxide is here sacrificed in 
heating them up, but it is amply made up for by the more complete 
combustion within the kiln shaft. 


The air inlet pipe R stands in the center of the kiln, and is covered 
with a cast-iron hood thirty-six centimeters (about fourteen inches) in 
diameter. The top of this pipe ends seventy to seventy-five centi- 
meters (about twenty-eight to thirty inches) below the arches. This 
air inlet stands on top of the cast-iron heater K, which is sixty-five cen- 
timeters (about twenty-six inches) in diameter, and heats the air for 
combustion to from 200° to 500° C. The air is compelled to circulate 
against the walls of the heater, by means of sheet-iron baffle plates. 


The air enters at N through seven rows of hollow brick in the 
generator walls and at M through the hollow arch and the second 
wall, uniting at the bridge wall F, which is cooled by their passage to the 
kiln wall through hollow brick and cast-iron pipe to the center of the 
kiln, where they connect with the cast-iron pipe supplying the air for 
combustion. Above the inlet openings of the generators, there are 
regulating valves attached to the central pipe, which are operated ‘by 
the lever E, and a register rod at the front end of the pipe P, which is 
closed by an explosion cap. 


“The more air entering the kiln, the farther toward the kiln walls 
will the flame be carried, until the flow of gas is shut off. With in- 
sufficient air, the flame burns only around the air inlet hood. 


“The strength of the gas current is dependent on the kiln draft, the 
composition of the fuel and its size. 


“With a charge of 5 cubic meters of limestone weighing 1.35 ton per 
cubic meter (2,970 pounds per cubic meter), with a size of stone ranging 
from 1 to 8 cubic decimeters (64 to 512 cubic inches) and not more than 
15 centimeters (6 inches) thick, and one cubic meter of small stone 
weighing 1.3 ton (2,860 pounds) ranging in size from 0.25 to 1 cubic 
decimeter (1 to 64 cubic inches), the free air and gas space in a horizontal 
cross section of the kiln will be as follows: 


1 cubic meter of limestone = 2280 kilograms. 


5x1.35+1.3 ‘ 100 
2280 x ——=41.15% air space. 
6 2280 








“That is, with a stack opening of 2.27 square meters, there will be 
an open space when filled with this limestane of 0.934 square meters. 


& . - . - 
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With thirty-three per cent. of small stone, this space would be 0.943 
square meters. The stack opening is 0.344 of the greatest cross section 
of the stack, which is 6.6 square meters. 


The shaft space below the arches= ........... 11 cubic meters 
The shaft space above the arches= ........... 39 cubic meters 
Giving a total kiln space of .............. 50 cubic meters 


“The inside grate surface is 2.22 square meters, or 0.336 of the shaft 
section, wherefrom 55% is taken by the openings for stoking and clink- 
ering. The grate is inclined at an angle of 40°. The layer of coal on 
the grate is 33 centimeters (about 13 inches) thick. The arch openings 
are 1.2 square meters cross section, or 0.185 of the kiln section at that 
point. The valve of the central air inlet is held after the draw at 44 
square centimeters for five hours, and is then opened to 67 square cen- 
timeters. The draft, measured at the generator peep holes, was 4.5 
to 5.1 millimeters water column; at the explosion caps, 2.9 to 4.1 milli- 
meters; at the air inlet dampers, 0.7 millimeter. 


“The procedure in starting the kiln is as follows: On starting the 
generator a provisional horizontal grate is built up in front of the fire 
bridge. All four generators are first fired with a free flame for twenty- 
four hours, and only when the shaft shows sufficient bright-red heat is 
gas firing begun. As soon as 300 to 320 hektoliters of coal have been 
burnt, the drawing of lime is begun. Some coal is also charged together 
with the stone in the beginning. Before starting the fire, the central 
air valve is opened to 8 square centimeters, and is left in this position 
up to several hours before drawing the stone, when it is changed to 44 
square centimeters. This avoids gas explosions, and the lime forms a 
nearly horizontal layer at white heat at the height of the mouth holes 
where it will hang, until the lime is drawn rapidly through the four draw 
holes. Before drawing the burnt lime, the coal is allowed to burn 
down to the cleaning door. The white-hot coal in the generator de- 
composes any steam still rising, and changes any Ca(OH), forming in 
front of the mouth-holes to CaO. When the kiln is finally in operation 
again, the air is heated: to 500° C. in daytime by placing upon the upper 
pipe end M., outside, a sheet-iron cup with a round opening 2.5 centi- 
meters in diameter. At night, the air is preheated only to 200° C. by 
carrying the air only through one generator wall, and closing the upper 
opening M with a loose clay stopper. The opening of the central air 
inlet is increased to 67 square centimeters only after two weeks. All 
the burnt lime must never be drawn at once. The coal is weighed out 
daily. 
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“For the burning of one ton of limestone, there was required 0.483 
tons of coal and lignite mixture, made up as follows: 


Small high-grade coal ........... 0. cece eee eee eee eee 0.275 
Screened Ignite . 0... cee cece eee cette neces 0.295 
Lignite slack...... a cece cee e were e eee e teen eee nenne 0.430 

8 Ac) 7: essen en 1.000 


‘‘With limestone containing 16% small stone, the kiln capacity was 
11.73 tons (of 2,200 pounds each). 


“The analysis of the coal and lignite mixture was as follows: 





Carbon Den ccc cee tee ec eee tee eee e cee tees ee nenn 44.85 
gen (H) 6. ccc cece tte eect eens . 

Ony LLILLIIDIIIIIILIIIIIN 5.38 

ech water (H,O)........... cece cece eee ee ees 22.34 

Sulphur ( ee cece eee eee teen eee eee eee eee eens 2.77 

0) 0 11.21 

Total... ccc cece cece eee eee serene 100.00 


“The limestone contained 37 to 42% of carbon dioxide and 2% water. 
The coal mixture burned per minute was 5.266 kilograms. The theo- 
retical amount of air required for complete combustion of one kilogram 
of this coal mixture is 15.717 kilograms, which amounts to 4.414 cubic 
meters at 0° C. Therefore, each minute there will be required 5.266 x 
4.414=23.244 cubic meters of air at 0° C., or at ordinary temperature © 
(20° C.) it would be 24.95 cubic meters. This amount must pass into 
the kiln each minute. The calculated calorific value of this coal mix- 
ture is 4,000 calories.”’ 


He also gives the available heat as being 3,842 calories, but does 
not specify under what conditions this is the case. He also calculates 
what he calls the pyrometric heat effect (probably calorific intensity) 
of his fire, w th 100% air excess, and finds this to be 1209° C. He says, 
however, that complete combustion is obtained with a much lower air 
excess. The temperature of the shaft was determined by enclosing 
pyrometric alloys in the limestone. 


When using cold air in the central air passage, and the following 
mixture of fuels: 


Per cent. 
High-grade nut coal............. cece cece ccc e eee eens 44 
Earth lignite, nut........ 0... ccc eee ce cece eee tenes 26 
Lignite, run of min€............. 00. cece eee ee eee e eee 30 


the stack temperature was found to be 1100°C. Under these conditions 
the kiln capacity was 12.91 tons in twenty-four hours, with a fuel con- 
sumption of 0.445 tons per ton of lime produced. It is customary to 
draw but twice a day. 
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It is probable that eventually gas producer systems of some sort 
will be installed at all the larger plants. It also seems probable that it 
will not be a great while before the limestone screenings, which are a 
drug on the market at most points, will be burned in a rotary kiln, fired 
by producer gas, and the lime thus produced will be hydrated for the 
market. 

In determining the relative value of fuels, three things must be 
considered: 

First: Quality of the product. 

Second: Cost of fuel per unit of lime burned. 

Third: Cost of labor per unit of lime. 

The practice of Ohio lime burners furnishes the following data: 


Barrels of 185 pounds net each. 


One cord of hard wood (air dry) will make............ 25 to 30 
One barrel of Lima oil will ill make wee cate cece sec enees 25 to 30 
1,000 cubic feet of Ohio natural gas.................. 2to 2.5 
One ton of good bituminous coal, burned with natural 

draft, will make ............ cece cece cet eee eees 30 to 35 
One ton of bituminous coal, using steam under the grates, 

forced or induced draft................02 cece eeees 40 to 45 
One ton of good gas coal, in gas producer............. 35 to 45 


The cost of labor will be about one-half cent per barrel greater 
when using wood, than for oil or gas. When using coal with natural 
draft, the labor cost is one-fourth to one-half cent per barrel of lime 
produced, over that for gas or oil; with forced draft and steam, the 
labor cost is slightly less, but to this must be added cost of steam and 
power for blowers, which hardly brings the cost of labor and additional 
power up to that for labor alone with natural draft. 

At first glance this last statement, that the labor cost plus cost 
of power for blower and cost of steam, is less than labor cost alone with 
coal and natural draft, seems inconsistent. The lower labor cost per 
unit of lime is due to the increased capacity of the kiln. The same 
labor cost per day handles more lime. 

The statement made above as to cost per unit of lime is not affected 
by kiln capacity, except in this, that the investment per unit of lime 
will be least with the most efficient fuel. 

From the above statements anyone can figure which is the cheaper 
fuel to use in any particular locality, when the cost of the various fuels 
is known. 


Kiln Capacities.— Taking the capacity of a kiln fired by coal and 
natural draft as a basis or starting point, with wood firing the capacity 
will increase about twenty per cent.; with oil and draft forced by steam 
and under good management, about twenty-five per cent. increase may 
be obtained, this method showing the largest capacity of any so far 
tried in the state. With natural gas, the same kilns produce fifteen to 


19—S. G. Bull. 4. 
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twenty per cent. more lime; with coal and draft forced by steam, ten to 
twelve per cent. increase is usually attained; when coal with a little 
steam, aided by mechanically induced draft, is used, a gain in capacity 
of fourteen to eighteen per cent. is usually recorded. 


Kiln capacities as exemplified by Ohio plants working under widely 
different conditions vary from 60 to 100 barrels per day of twenty- 
four hours. Claims are made of capacities of 125 barrels and even more. 
These results are no doubt the result of spurts, and at the expense of 
a much larger fuel consumption than is demanded by these kilns when 
run normally, with the usual production of about eighty-five barrels 
per day of twenty-four hours. The majority of the manufacturers (not 
the majority of the kilns, however) are working with a kiln average 
below eighty barrels. The majority of the kilns operated are producing 
on an average over eighty barrels per day. Some of the larger manu- 
facturers are actually getting for a good proportion of the year a daily 
output per kiln of eighty-five to ninety-five barrels of lime, weighing 
185 pounds net, or 200 pounds gross, in barrels. There are a number 
of plants in the state where both capacity and fuel economy could be 
increased at a comparatively small cost. 

Mr. W. S. Sutliff, who has had about thirty years of experience in 
the lime business, and used almost all kinds of fuel and is a close ob- 
server, says, with regard to kiln capacities, that he has obtained the 
following outputs, per twenty-four hours, with kilns when using differ- 
ent fuels: 


Fuel. 185 pounds. 
Lima oil... 0... ec eee ee eee ence eens 120 
Natural gas... 0... cc eect eens 100 
Wood ... 0... cc ee ec eee eee eee ene rennen 115 
Coal 0. ccc ee eee ce eee een ee sence eves 78 


He further states that the capacities could not be kept up to show 
that amount for a long period of time, and that such outputs are usually 
obtained at a sacrifice in fuel economy and excessive kiln repairs. The 
delays caused by these repairs must also be considered. 


Quantity of Fuel Used.—The range of the amount of fuel burned 
per unit of lime produced is not so wide as was the case with kiln capaci- 
ties. The fuel consumption for almost every good plant in the state for 
the burning of one net ton of lime will fall between 575 and 625 
pounds of good bituminous coal. When the continuous or Hoffman 
kilns were in use, 400 pounds of coal would in these kilns produce a 
net ton of lime. These kilns have been practically abandoned for two 
reasons; i. e. the quality of the lime produced was not the best, and the 
labor cost was excessive. There have been three such kilns in the state. 
One is torn down; the other two still stand, but are idle. 
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The fuels used come from the Pittsburg field, southeastern Ohio 
and the West Virginia districts. The gas coals, or those high in volatile 
matter, are selected. They must be free-burning coals low in sulphur. 


Fuel Costs.—The fuel costs vary somewhat, also. In some cases 
high fuel cost is easily explained by the type of kiln and method of 
operation, or by the fuel used. 

A plant burning high-calcium lime, with natural draft, rather short 
kilns, and coal as fuel, had the following costs for total fuel for plant, 
including power: 


Cost per ton quicklime, 1903 .................... 87.14 cents 
Cost per ton quicklime, 1904 ..................... 72.00 cents 
Cost per ton quicklime, 1905 ............. ...... 63.14 cents 


In 1905, considerably more fuel was used for power than formerly. 

In another plant, using round kilns of medium height, six feet in 
diameter at fire arches, natural draft, using wood and coal for fuel in 
1904, and natural gas in 1905, gave the following costs: 


Cost per ton quicklime, 1904 .................... 50.00 cents 
Cost per ton quicklime, 1905 .................... 56.00 cents 


This cost is for fuel for lime burning only. 

At another plant, using very high round kilns, whose diameter at 
the fire arches was 5.5 to 6 feet, with natural draft, and natural gas 
fuel, gave the following: 


Cost per ton quicklime, 1905 with natural gas...... 64.4 cents 
Cost per ton quicklime, with coal, in former years.. 72.0 cents 


At another plant, using producer gas, in tall round kilns, of a di- 
ameter at the fire arches of 5 to 5.5 feet, running under natural draft, 
the following average fuel cost for 1905, for burning of lime only, was 
obtained. 


Cost per ton quicklime, 1905 ...................4. 56.6 cents 


Same kilns in former years with coal as fuel showed a much higher 
fuel cost. 

Another plant, using producer gas, short kilns, elliptical or oblong 
in cross-section at the fire arches, about five by seven feet. under natural 
draft, showed as follows: 


Cost per ton of quicklime, 1904. ........ 2er... 66.6 cents. 
Same kiln with coal, former years, at least 10°% greater cost. 


Another plant, using coal and induced draft, short kilns, oblong 
at fire arches, about five by seven feet, showed a cost per ton of quick- 
lime, in 1905, of 61.4 cents. 
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At a very large plant in the state, where accurate figures were not 
available, using circular kilns above medium height, six feet in diameter 
at fire arches, and steam under grates, natural draft, the management 
stated they had been running a number of years at a fuel cost of fifty-five 
to sixty cents per ton of lime. 

All of the plants, except the first one, are burning dolomite, and 
all of the figures given, except for the first plant, are fuel for lime burning 
only. In order to bring the figures of the first plant cited to the same 
basis as the others, we will deduct one-fifth of the total fuel cost, which 
has been shown to be a fair average to represent the fuel used in power. 
This gives: 


Cost per ton quicklime, 1903 .................... 69.7 cents 
Cost per ton quicklime, 1904.................... 57.6 cents 
Cost per ton quicklime, 1905 .................... 50.5 cents 


These figures suggest several things, when the circumstances sur- 
rounding this plant in the different years are known. In 1903, fewer 
kilns were in operation, and those that were in operation had but two 
large furnaces. In 1904, more kilns were in operation, and some of 
them had four small or narrow furnaces, instead of two larger ones. 
The four small furnaces had a larger total grate surface than did the 
. two larger ones. In 1905, still more kilns were in operation, and the 
running was more continuous. In 1905, practically all of the kilns 
were equipped with the four small furnaces. This seems to speak very 
favorably for four small or narrow furnaces, instead of two larger ones, 
where coal and natural draft are used. . Another interesting point is 
that this plant working under conditions which, in comparison with 
plants working on dolomite, should show a higher fuel cost than many 
of them, shows a lower cost. It thus substantiates the statement made 
by nearly all lime burners who have had experience with both types 
of lime, viz: that it always takes more fuel to burn dolomite limes than 
it does to burn the high-calcium stone. This latter would be a very 
logical supposition from the nature of the case, since it is very likely 
to require more heat units to break up the mineral dolomite, which is 
a definite chemical compound, consisting of a double carbonate of cal- 
cium and magnesium in molecular ratio, than it does to break up the 
simple carbonate of magnesium. The heat of dissociation of calcium 
carbonate has been determined, but, so far as the writer is able to find 
out, no such determination has been made for the mineral dolomite. 
Since dolomite is a mineral of definite chemical composition, we cannot 
safely assume, as was done by one writer, that because it analyzes about 
forty-four per cent. magnesium carbonate and fifty-six per cent. calcium 
carbonate, we can take the heats of decomposition of these two distinct 
minerals in these proportions and calculate the heat required to drive the 
carbon dioxide out. If dolomite were a simple mixture of calcite 
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(calcium carbonate) and magnesite (magnesium carbonate), we might 
safely assume the above to be true. 

This writer, by calculation on this basis, shows that only about 
0.75 as much fuel would be needed to burn dolomite to lime as would be 
needed for calcite on the calcium carbonate. 





Temperature of Burning.—The temperature of burning is a very 
important factor, both in the quality of the product and in the economy 
of the production. Economy in manufacture requires that the temper- 
ature of burning should not be greatly beyond that needed for the com- 
plete removal of the carbon dioxide (CO,). The statements made 
elsewhere in this article with reference to the time required for slaking 
limes burned at different temperatures, shows clearly that the sensitive- 
ness or quality of the lime is materially affected by any very great over- 
heating, since it required twice as long to slake lime burned at 1050° C. 
as it did that burned at 950° C. However, some writers say that some 
limestones will, under normal conditions, require a temperature greater 
than 1000° C. for the complete expulsion of carbon dioxide. Herzfeld 
found that,in the examination of 64 different limestones and marbles, 
a temperature beyond 1040° C. was required by none of them, and 
that a lower temperature was sufficient for the complete expulsion of 
carbon dioxide in most of the cases examined. 

It has also been shown that for each temperature the evolution 
of carbon dioxide from calcium carbonate remains stationary for each 
different pressure, and that the reaction is reversible. That is, if cal- 
cium carbonate were placed in a tube, and kept at a certain temperature, 
the carbon dioxide could be drawn out from the limestone, or cause it 
to be absorbed, by simply raising and lowering the pressure in that 
tube. Le Chatelier* in determining the dissociation tension of calcium 
carbonate showed this very clearly. The following table shows the 
temperature at which calcium carbonate breaks down at different 


pressures. 
Table XX VI—Dissociation of Calcium Carbonate. 


Pressure. Pressure. 











27 millimeters mercury.| 547° C. 289 millimeters mercury. | 745° C 
46 millimeters mercury.| 610° C. 678 millimeters mercury. | 810° C. 
56 millimeters mercury.| 625° C 753 millimeters mercury. | 812° C. 
205 millimeters mercury.| 740° C | 1333 millimeters mercury. | 865° C. 


Since 760 millimeters of mercury are considered standard conditions 
for atmospheric pressure, 812° would be about the lowest temperature 
that would drive off any of the carbon dioxide in the ordinary way. A 
fact of value to the lime manufacturer is shown here, viz: if he is run- 





*Comopt. Rend. 102, 1233 (1886). 
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ning his kiln under reduced gaseous pressure in the stack, as would be 
the case with induced draft, or suction on the top of his kiln, he will 
not need to make his limestone so hot in order to eliminate the carbon 
dioxide as he would have to do if the pressure in the kiln were the same 
as the atmosphere outside. Also, that a higher heat will be necessary 
to do the work if he is operating under increased kiln pressure, as is the 
case when the draft is forced from below. When steam is used to force 
the draft, he loses a portion of the beneficial effect of steam due to this 
property of the limestone. 

The decomposition of limestone is greatly accelerated by the pres- 
ence of steam. Herzfeld, who made extensive experiments with cal- 
cium carbonate and superheated steam, proved that a high grade 
porous calcium oxide could be made from the carbonate with super- 
heated steam. The following table shows the behavior of calcium car- 
bonate in superheated steam: 


Table XX VII—Herzfeld’s Results. 


Temperature. | 600°C. 








| 650°C. | 680°C. | 790°C 
a 0 lL__.__ ILL. _.LL.L _L_L_L_L.L.LLLL 
| | | 
Per cent. of calcium oxide in limestone | 
burnt in steam ............ 0.00. cee 0 | 7% =| 23% 100% 
FREE EEE IRRE DEE | |—— —— _ 
Per cent. of calcium oxide in limestone | 
burnt in air ..... 2... eee eee 0 | 0 0 | 37% 
| | 





The same author states that a temperature of 1040° is usually 
necessary for the complete decomposition of limestone, so that steam 
shows a gain of 250°, which would mean a large saving in manufacture. 
This is probably one reason why wood shows such great efficiency in 
lime burning, since it throws into the kiln large quantities of super- 
heated steam. This table also shows that at temperatures below that 
at which the expulsion of carbon dioxide is complete, a portion only 
will be given up, and that the amount of carbon dioxide given off will be 
stationary for any given temperature and pressure. 

Calcium oxide at high temperatures takes up carbon dioxide with 
great avidity, as may easily be shown by heating calcium oxide to red- 
ness in a glass tube, through which large volumes of carbon dioxide 
are passed. The external heat can be removed, and the calcium oxide 
will continue to glow and throw off heat until it has all burned back to 
the carbonate. Therefore, any increase of pressure in the kiln, or any 
falling of the temperature, will cause the reabsorption of carbon dioxide. 

The presence of impurities tends to lower the decomposition tem- 
perature, and at the same time makes the lime much more sensitive to 
overburning. 

R. W. Nauss, as a result of experimental work with calcium car- 
bonate, clay and quartz, done in connection with a thesis for graduation 
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at the Ohio State University, arrived at the conclusion that calcium 
carbonate, in the presence of clay and silica, begins to break up between 
610° and 650° C.; before 700° C. is reached, the evolution of carbon 
dioxide is quite marked; at 1000° C., it is practically complete. 

We find nothing at all, however, with reference to the behavior of 
dolomite. 


Experimental Investigations, Made by the Writer.—In order to get 
at what is needed to bring about the best results in the way of lowering 
the temperature of lime burning, and thus introduce fuel economies, 
the gases must be analyzed, and the kiln temperatures, as they are 
maintained in present practice, must be measured. 

In order to gain some more accurate knowledge of the effect of 
temperature in lime burning, a series of substances, comprising pure 
limestone, pure dolomite, pure magnesite, chemically prepared car- 
bonate of calcium, chemically prepared carbonate of magnesium, and 
a mechanical mixture of chemically prepared carbonates of calcium 
and magnesium, in the dolomite ratio, were heated at various temper- 
atures under accurately controlled conditions, and the effect of this 
heating was then studied by slaking the product in a calorimeter. The 
heat given off is a measure of the perfection of the process; i. e., either 
underburnt or overburnt lime shows lower results in the quantity of 
heat evolved, and in the rapidity of the heat development. 

All of the limes tested were burned by Professor A. V. Bleininger, in 
connection with his work on portland cement. A calibrated Le 
Chatelier pyrometer was used to determine all temperatures. The 
burning was for the most part done in a gasoline-fired muffle, 
and at atmospheric pressure. The balance was done in an up- 
right muffle kiln, using wood fuel. Some limes burned in this same 
kiln, with coal as fuel, showed so much sulphur that they were discarded. 
The limestones and dolomites were in a coarse powder when burned 
and were kept at the designated temperature a little over one hour. 

The heats of hydration given in table X X VIII are the number of gram 
calories of heat developed by one gram of the sample. They were de- 
termined in a calorimeter of the type shown in the illustration, in which 
the temperatures could be easily read to less than 0.01 of one degree. 
One hundred cubic centimeters of water was used, and from 0.5 grams 
to 2 grams of the lime to be tested. The amount of lime used was 
regulated to give about one degree rise in temperature. 

The results given in table XXVIII are for the most part averages of a 
number of results, which were usually within’a few calories of each other. 

Some magnesite was also burned and an attempt made to determine 
the heat of hydration, but the results were unsatisfactory; no oppor- 
tunity to duplicate the burning was found, so that the results could 
not be checked; hence, we have no confidence in them. 
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No burning temperature was found at which magnesite seemed 
to develop any considerable heat, and all samples of calcined magne- 
site showed effervescence with acid, when tested for carbonates later. 

The heat developed from properly calcined magnesite should at 
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Figure 24.—Showing calorimeter used in studying heat of hydration of lines. 


some temperature of burning be the same as that for chemically-pre- 
pared magnesium carbonate, but at no point in the experiment cited 
was it more than one-third of this. The temperatures at which the 
maximum heat was developed are from 100° to 200° higher than was 
shown to be needed by artificially prepared magnesium carbonate. 
This note is given here in the hope that some one will take up this prob- 
lem and work it out thoroughly. 
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Table XXVIII—Heat of Hydration in Gram Calories. 
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400 ee 00 ; 76. shunted ‘ 
500 cate 00 é 109.5 28.5 : 
600 en 8.3 a 125. 15.5 12 (?) 
650 ere ee u ER 4.1 12 (9) 
700 ee 4.7 ore 7.7 4.7 41 (NM 
750 es 9.5 ar re 8.3 6 (2) 
800 34.5 10.2 9.5 95.3 38 (7) 
850 73.8 58.8 70.2 10.1 125.6 8 (9) 
900 175 104.8 220. 7.1 137 5 (9) 
950 257 130 250. 136 

1000 252 128 246.3 129 12 (9) 

1050 252 131 Dre 123 

1100 252 131 123 

1200 247 126 195 137 


The table presents an array of facts: First: That limestone and 
dolomite both lose a little carbon dioxide in one hour at 800°. 

Second: Both ground limestone and dolomite lose all their carbon 
dioxide in one hour at 950° C. 

Third: There is no material change in the amount of heat given 
off by the oxides on hydration up to a burning temperature of about 
1200° C., but at 1200° C. a small portion has been burned so hard that 
it is no longer sensitive to the action of water. 

Fourth: No heat of hydration for the magnesium oxide in dolomite 
is shown at any burning temperature. This suggests that with dolomite 
the carbon dioxide combined with the magnesia does not begin to go 
until that with the calcium starts, and that this temperature is sufficient 
to render the magnesium oxide practically inert to the action of water. 
This is just what would be expected if dolomite is a chemical compound, 
a double molecule of calcium and magnesium carbonate, and not a mix- 
ture of two carbonates. . 

Fifth: The behavior of a mechanical mixture of calcium and 
magnesium carbonates does not behave like dolomite, but when burned 
at 500° develops some heat due to the hydration of magnesium oxide, 
and at 650° the magnesium oxide has reached a state of overburning, 
which prevents its taking up water of hydration, while the calcium car- 
bonate has not yet lost any carbon dioxide. The calcium oxide 
reaches its maximum activity at 900° to 950° C. 

Sith: Chemically prepared magnesium carbonate loses consider- 
able earbon dioxide when heated for one hour at as low a temperature 
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as 500° C., and reaches a maximum degree of hydration when heated 
for one hour at 600° C., and at 650° to 700° C. it has suffered a change 
wh ch prevents hydration, or has rendered it so slow as not to be de- 
tected in any bat the most exact of calorimeters. It requres about 
four hours to hydrate one gram of magnesium oxide (MgO) in 100 grams 
of water at 17° to 20° C., when burned at 600° C. 


Seventh: Calcium oxide apparently has a wider range of burning 
temperature at which it is sensitive, than has magnesium oxide, and 
it would probably require temperatures of 1600° to 1800° C., before .t 
would be rendered entirely inert to the action of water. 

The chemically prepared magnesium carbonate was a basic car- 
bonate, carrying about 10% of magnesium hydrate. This accounts 
for the heat of hydration given for the sample burned at 400° C., since 
the hydrate loses its combined water below that temperature. 

The specific gravity test was also applied to the limes produced .n 
these experiments, to see if the data thus obtaned confirmed the results 
of the heat of hydration. 


Table XXIX—Specific Gravity of Limes Produced in Experimental Investigation. 
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The Measurement of Temperatures in the Kiln.—In the use of heat, 
it has been found by chemists, engineers and men in charge of iudustrial 
operations, that some definite control or means of accurately measuring 
or duplicating temperatures is desirable and in many cases absolutely 
necessary. In some industrial operations it is necessary to know the 
temperatures to within a few degrees of accuracy for the success of the 
operation. 
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In the earlier development of the iron and steel industry, temperatures 
were only measured with the eye, as is the case in the manufacture of 
lime today. The iron industry early recognized the necessity of more 
accurate control of temperatures, and with the introduction of instru- 
ments of various types for this purpose, new products were developed, 
which were before impossible. 

In view of the fact that the lime manufacturers have finally reached 
an era of improvement and development, and are on the lookout for 
every means which might introduce a new economy, or an improve- 
ment in the quality of the product, it would seem that they might now 
be ready to introduce an innovation in the way of an accurate temper- 
ature control, if the means were at hand, whereby these temperatures 
could be readily measured, and duplicated within a reasonable degree 
of accuracy, when the proper temperature was once determined for the 
best possible quality of lime from the stone burned. Present practice 
in this respect is very crude, since everything is dependent on the trained 
eye of the burner. It is hardly likely that with the high red to white 
heats, to which limestone must be brought for this purpose, that any 
man’s eye, no matter how well trained, can tell whether he is one, two 
or three hundred degrees beyond the temperature at which the white 
heat is produced. If the proper temperature was one which was just 
marked by the change rom a dull to a glowing red or from a glowing 
red to a white heat, it might be more accurately observed and marked 
by the naked eye. 

Every lime manufacturer is familiar with the undesirable qualities 
produced by overburning; i. e., by subjecting the stone to an excessively 
high temperature. All are familiar with the inconvenience and loss 
due to burning at insufficient heat, which causes the production of core, 
which is dead waste. 

The only reason why fairly good limes have been produced by the 
crude methods of control which are in vogue today, is that the range of 
temperature between which carbon dioxide is eliminated and the point 
at which the lime begins to show the effect of overburning is compar- 
atively wide. This range is approximately 200 degrees centigrade. 
The carbon dioxide begins to go off slowly, somewhat below 900 degrees 
(., but even at 900 degres it is moving too slowly to be economical. At 
1100 degrees C.. the effects of overburning are very evident, showing 
itself both in the specific gravity of the lime as well as in a marked 
retardation in the t me and completeness of the slaking of the lime thus 
burned. | 

The fact of the matter is, that for the economic production of lime 
of the highest type. the best temperature is one which does not exceed 
1000 degrees C. to any extent, and the range of temperature should be 
not wider than from 950 to 1050 Popular opinion seems to be that 
different limestones require different temperatures. but the writer’s 
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experience would indicate that the temperature is approximately the 
same for the burning of chemically prepared carbonates of lime as for 
the amorphous and crystalline limestones. Dolomite limestone seems 
to require approximately the same temperature. While the same 
temperatures are required, it is probable that different amounts of heat 
are required for dolomites and for high calcium lime, as well as for limes 
made from stones of different physical character. 

To burn lime with the greatest economy, it would first be desirable 
after a draw to bring the stone as rapidly as possible up to the highest 
safe temperature, and hold it there until the carbon dioxide was com- 
pletely eliminated. With a kiln under such control it would probably 
be possible after a few experiments to draw more frequently; at any 
rate, the intervals between draws or the exact time to draw could be 
determined with accuracy, because it could readily be found out how 
long it was necessary that the high temperature be maintained in order 
to produce desired results. And the kiln might then be drawn at a 
stated interval after the stone had reached the desired temperature. 
The effect of an excessive temperature upon lime is to promote crystal- 
lization as well as a tendency towards the reabsorption of carbon di- 
oxide. Lime in order to be in its best and most sensitive condition 
should be essentially an amorphous product, therefore the temperature 
used should be such as to bring it just below the temperature at which 
crystallization would begin. The object of approaching as near as 
possible to the safety limit for the quality of the product is to get the 
greatest capacity from the kiln by burning as rapidly as possible. The 
increased capacity, of course, means increase of production and reduc- 
tion of cost. 

Temperature measurements and accurate control would apply to 
all processes and all systems in burning alike, and in every case are 
desirable. 

To the manufacturer of hydrated lime this should be very valuable, 
because the lime which is burned at just the right temperature will be 
more readily slaked, and the slaking will be more complete than with 
any other lime, and the resultant product will contain the largest pos- 
sible amount of the active hydrate sought, and the percentage of tail- 
ings reduced to a minimum. 

It is probable that this matter has not been given earlier consider- 
ation, because, First: It is possible to make a good grade of lime under 
present practices. Sccond: The more common methods of measuring 
temperature would be unsatisfactory in this case. Third: It is only 
recently that instruments have been perfected which are of such a nature 
that they could be used with success. Fourth: The lack of familiarity 
of the lime manufacturer as a rule with technical problems and tech- 
nical appliances, and his general attitude of skepticism with reference 
to the use of any scientific methods, or any delicate instrument. 
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There are many methods of heat measurements which are entirely 
impracticable as far as lime is concerned. No instrument which must be 
introduced among the material or come in actual contact with it can 
be used. Pyrometric cones are clay and silica mixed with fluxing 
minerals, made to melt at a given temperature. These could not be 
so placed as to be observed, and even if they could, they would melt 
and spoil considerable lime by fusing with it. The platinum rhodium 
couple, encased in a porcelain tube, known as the Le Chatelier pyrometer, 
could not be used on account of the necessity of introducing this within 
the highly heated zone occupied by the lime, which frequently shifts 
and moves and would destroy the pyrometer. 

The best means left is the use of an optical pyrometer. With this 
instrument, the measurement of the temperature is accomplished by 
observing the amount of radiation of either light or heat or total energy 
radiated. The optical pyrometer has been considered by those who 
know nothing about it as a very fine piece of mechanism, which, of 
necessity, is extremely delicate, and not fitted at all for general use in 
the industries, and one as only available for reliable results in the hands 
of an expert. Such is not the case, however, as a number of optical 
pyrometers have been designed with sufficient strength and simplicity 
to be available for use by a very ordinary workman, who has been in- 
structed what observations to make upon the scale. 

Temperature of bodies may be estimated from the radiant energy 
emitted by them, either in the form of visible light radiation, or of the 
infra-red waves that are studied by their thermal effects. 

A number of pyrometers are based on the photometric measure- 
ments of the intensity of light emitted from incandescent bodies. Most 
of them are built to measure the intensity of red light radiation 
only, for two reasons: First: Because the color of the light from the 
incandescent source will undergo wide variations, as the temperature 
changes, and Sccond, because it is difficult to compare with a standard. 
So by passing the radiation from both sources through red glass, it is 
reduced to a comparison of two lights of the same color, and it is then 
a question only of intensity. What is more important to a lime man- 
ufacturer, however, is the fact that the intensity of radiations may be 
accurately measured and shown on a scale or on a registering sheet and 
by instruments which are not so delicate as to be readily broken in their 
use about ordinary industrial operations. The fact that ordinary 
diffused light, or even artificial light, lies between the incandescent 
body and the instrument does not materially interfere with their oper- 
ations, but simplifies their use. 

Optical pyrometers constitute a group of heat measuring devices 
Operating at a distance or radiation pyrometers, and include all 
methods in which the pyrometer is separated from the body whose 
temperature is measured. We have in this class those which estimate 
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by color, photometric methods, the relation of the intensity in two 
wave lengths, the upper limit of the spectrum and the maximum energy 
in spectrum, total radiation and the interference method. Becquerel 
was the first to suggest, or, rather, the first to adopt the measurement 
of high temperature by optical means, about 1862. He did not, how- 
ever, develop an instrument for this purpose which was satisfactory. 

In 1892 Le Chatelier perfected a thermo-electric pyrometer, and 
about the same time devised his optical pyrometer, which consisted of 
an arrangement for the adjustment to equality of two photometric 
fields, one from a standard flame and the other from an incandescent 
body. The two were adjusted by cutting down the optical aperture, 
or interposing absorbing screens, or by using a polarizing device. The 
latter was abandoned, as introducing many sources of error. A cat’s- 
eye diaphragm before the objective was used, and a small gasoline lamp 
was used to supply the flame. The light from the incandescent body. 
and that from the standard flame, were brought together in front of 
the eye piece, by means of a mirror placed within the instrument at an 
angle of 45 degrees by part ally opening or closing the iris diaphragm 
until the light from the two bodies appeared to be identical, giving the 
relative value of the incandescent body’s temperature to that of the 
standard light. A scale upon the diaphragm indicated this relation. 
The sources of error in this instrument were the possible variation of 
the standard light, the focusing system and the red glass before the 
eye piece and the absorption glasses used. A careful examination of 
all these sources of errors indicate that this instrument may be depended 
upon for an accuracy of about 1 per cent. of the measurements of the 
temperature. 

The Fery optical pyrometer was very like Le Chatelier’s except 
that absorbing glass wedges were used to replace the iris diaphragm, 
and a 45 degree mirror, with parallel faces, was silvered over a 
narrow vertical strip. This instrument removes the error for focusing. 
This instrument was further improved by being made movable about a 
horizontal axis. Later an incandescent electric lamp of low voltage 
was used by both as a standard light for comparison. 

The pyrometric telescope of Mesure and Nouel is based upon the 
rotation of the plane of polarized light, passing through a quartz plate 
cut perpendicular to its axis. The angle of rotation is directly pro- 
portional to the thickness of the quartz and approximately invariably 
proportional to the square of the wave length. This instrument is 
hardly adaptable to the use of the lime manufacturer, although it is a 
convenient and portable arrangement. Even in skillful hands there 
would be variations of observations made by the same man, and still 
greater variations in observations made by different people. 

In 1901 the polarization principle considered by Le Chatelier was 
adapted to a pyrometer of a somewhat satisfactory sort. This was 


LIMESTONES AND LIME INDUSTRY. 303 


known as Wanner’s pyrometer. The greater sensibility of this was 
so adjusted as to be the greatest between 1000 and 1500 degrees. This 
was readily done, since the sensibility of the instrument varies with the 
change in the angle, through which it is necessary to rotate the radia- 
tion in order to bring it to the same brightness as the standard flame. 
About one per cent. of error is introduced in the uncertainty of setting 
the Nicol prism to exactly match the two images, due to a lack of sen- 
sitiveness in the human eye to accurately match the two halves of the 
field. The greatest error seems to be the variation in the intensity of the 
current for the 6-volt electric light used as a standard of comparison, 
since the current is furnished by a 3-cell storage battery. This instru- 
ment requires more care than some others, but under careful and skill- 
ful management it is a very accurate instrument. 

Holborn and Kurbaum, of Germany, and Morse, of America, 
each brought out at about the same time, an optical pyrometer using a 
new method. By this method the current necessary to change the 
color intensity of the radiation of a filament in an electric lamp was 
varied in order to bring it to that of an incandescent body, and this 
variation measured. This instrument consists of a 4-volt incandescent 
lamp, with a hair-pin film, mounted in the focal plane of the objective 
of the eye piece of the telescope, provided with suitable stops and a 
focusing screw for the objective. The lamp circuit is completed through 
a 2-cell storage battery, a rheostat and a mill -ammeter, for the German 
type. 

The Morse pyrometer used a spiral filament in the lamp, instead of 
the hair-pin variety, and requires a battery of from twenty to forty 
volts. 

A determination with the German type consists in focusing the 
instrument upon the incandescent object and adjusting the current by 
means of the rheostat, until the tip of the lamp filament disappears 
against the bright background, when from the reading of the milli- 
ammeter the temperature is found from a previous calibration of the 
lamp, giving its relation with that current passing through it to the 
corresponding temperature of a radiating black body. After a lamp 
has been aged for about twenty hours at 1800 degrees C., it does not 
materially change for a long period in its value for a certain current. 

~The Morse thermogage is not a telescope, and was designed for 
measuring temperatures in the hardening of steel, which required only 
a limited range of temperature, and may be read to an accuracy of within 
3 degrees C. The German type with its low voltage gives equally, if 
not greater, accuracy and a wider range of usefulness. 





The Thermo-Electric Telescope, or the Radiation Pyrometer.—The 
Fery thermo-electric telescope is probably the instrument best adapted 
to the measurement of temperature in the limekiln. This is an in- 
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strument based on the measurement of the energy of total radiation, 
and has come into practical industrial use. With this instrument the 
radiation of an incandescent body, such as lime within a kiln, which 
could be made visible through a small hole in the kiln wall, is focused 
upon a very minute and sensitive thermo couple, the temperature of 
which is raised by the radiations. 

The rise of temperature develops an electro motive force in pro- 
portion to the intensity of the radiated energy. This electro-motive 
force is registered by a sensitive potential galvanometer placed in series 
with the couple. This is a direct reading instrument, since by means 
of a pointer over a scale on the galvanometer we may read the temper- 
ature. One of the difficulties of this instrument is in realizing a suit- 
able material for a lens, which must be transparent for all radiations. 
For temperatures above 900 degrees C. fluorite answers. An industrial 
type of the pyrometer just described is made by using a large glass 
lens, instead of a small one, made of fluorite, and instead of the delicate 
galvanometer, one of the same type and sensibility as those used in 
thermo-electric work is substituted. ° The resulting instrament is 
robust and sufficiently sensitive for all practical uses, and has a range of 
temperature measurement from 800 degrees C. to 1600 degrees C. It 
is calibrated by direct comparison with a thermo couple, and the loca- 
tion of the needle corresponding to the various temperatures engraved 
upon the galvanometer scale; so that here an instrument is attained 
which can be used with a reasonable degree of accuracy and safety at 
the ordinary lime plant. This instrument for use should be calibrated 
if actual temperature of the lime is desired. For use on lime it should 
be calibrated or standardized against this material by heating lime, 
electrically or otherwise, so that readings may be made with a thermo 
couple and with the pyrometric telescope and the location of the various 
temperatures needed marked upon the scale. For the observation of 
temperatures of other incandescent bodies, the instrument should be 
calibrated against the material, unless the proper correction is known 
for the variation in the intensity of radiation for these bodies when at 
the same temperature. 





Duration of Burning.— Both for economy in manufacture and qual- 
ity of the product, the limestone should not remain in the highly heated 
zone any longer than is necessary to completely remove the carbon di- 
oxide. This length of time will depend on three factors: 

First: The size of the limestone blocks fed to the kiln. Thesmaller 
the blocks, the less will be the time necessary for the heat to reach their 
center, other things being equal 

For instance, one hour or less at 950° C. was sufficient to decarbon- 
ize ground limestone. This would hardly be sufficient for lumps of 
three or four inches in diameter. There are other factors, however, 
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which prevent too great a reduction of the size of the lumps to be burned, 
viz: ability to get sufficient draft through the kiln, and the demand of 
the trade for large lumps, or coarse lime. 

It is obvious that for the manufacture of a uniform product through- 
out, it will be necessary to feed the kiln with stone of approximately a 
uniform size. In the opinion of the writer, stone considerably smaller 
than is the general practice could be used to advantage. The limits 
of size might be defined as follows: All lumps should pass through a 
hole six inches in diameter, and all should remain on a screen with holes 
three inches in diameter. 

Second: The intensity and volume of the fire, and the amount of 
preheating the stone has had prior to reaching the hottest zone, as well 
as the kiln pressure. For instance, if a very small draw is made, the 
stone which drops down to the hottest zone is at nearly the desired 
temperature, and will need to be exposed to the high heat for but a short 
period. On the other hand, if a very large draw is made, much of the 
stone brought into the hot zone will be comparatively cool yet, and its 
surface will have to be exposed to a high heat for a much longer time, 
in order that the heat may penetrate to the core. This is apt to give 
either a thin skin of overburned lime over every lump, especially if 
the lumps are large, or else leave a core of unburnt lime in the center. 

Third: The nature of the fire. By this is meant whether the fuel 
or method of firing is such that some of the gases will be carried in 
among the lime lumps, and there burned, heating the lumps on all sides, 
or whether the fire or center of combustion is entirely within the furnace. 
Also, whether the fuel or method of firing is such that moisture will be 
formed as a product of combustion in the highly heated zone. This 
latter consideration not only affects the duration of time needed, but 
also the temperature requisite for good results. 


The Amount of Heat Required.—This can be determined with a 
fair degree of accuracy for the comparatively pure high-calcium lime- 
stones, but for the dolomites we can only theorize, since the largest 
single factor in the heat consumption has not been determined for dol- 
omite; i. e., the heat required to break up the chemical union between 
the oxides and the carbon dioxide is unknown for dolomite. The heat 
of dissociation for calcium carbonate, as given by the different authors, 
varies somewhat. E. W. Thompson gives it at 425.2 calories. Others 
have named lower figures. We, however, accept that given by Ostwald 
as being the most recent and more accurate, which is 437.4 calories. 

We have already shown that the best burning temperature is between 
950° C. and 1050° C. when steam or water-vapor is not introduced. 
Herzfeld has shown that some limestones require as high a heat as 
1040° C. The record of the very few measurements made in actual 
practice would indicate that the temperatures actually used are some- 
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what higher—1100° to 1150°C. The temperatures at which the gases 
leave the kiln vary widely at different plants, and to a less extent at 
the same plant at different periods of firing. The amount of heat 
saved from the cooling lime also varies. Very little of this heat is 
utilized by Ohio manufacturers. 

For the sake then of getting comparative evidence, we will assume 
certain conditions to exist, in order to see what influence different con- 
ditions have on fuel consumption. The conditions selected will be as 
near as it is possible to get at those actually used in manufacture, as 
determined from the results of the few very meager and oftentimes 
indefinite observations made on plants in operation. The following 
data are taken as representing as near ideal conditions as we could hope 
to find in practice, as a basis from which to work. 

First: A pure dry calcium carbonate limestone. 

Second: An atmospheric temperature of 20° C. 

Third: The gases leaving the top of the kiln at temperature just 
below 100° C.,so as not to lose the latent heat of vaporization of water. 

Fourth: A burning temperature of 1040° C. 

Fifth: Amount of heat saved from the cooling lime equal to 10% 
of its total heat. 

Sixth: Air excess of 10% over the theoretical amount required 
for perfect combustion. 

Seventh: In the cement industry, it has been shown that 12.8% of 
fair the available heat in the fuel is lost by conduction and radiation; it is 
to assume that at least 10% would be used in this way in lime burning. 

The heat consumption is made up as follows: 

First: That required to bring the limestone to the proper temp- 
erature, which, since the carbon dioxide gives back nearly all its heat 
again, is the heat required to raise the amount of lime in the limestone 
to the desired temperature, plus that carried out by the carbon dioxide 
from the limestone. 

Second: The heat consumed in the decomposition of the limestone. 
As an offset against the sum of the above, will be the heat saved from 
the cooling lime. 


The Available Heat of the Fuel.—The available heat of the fuel 
will be the calorific value of that fuel, minus the heat carried out by 
the products of combustion and the excess of air used. Another minus 
factor in the available heat will be the allowance made for loss due to 
radiation and conduction. 

We will take an Ohio coal, the calorific value and analysis of which 
is at hand, and get its available heat for this purpose. 
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Calorific value....... cc cece cece ccc eceseceee 7293 calories 
ANALYSIS. 

Carbon. ....seeseroeseserssseenennnn sen nennen une 72.65 
Hydrogen......... ccc cece cece ccc cc ce scccecerscees 5.06 
OXYBEn.. cc cece eee e cree cece e nec een n nennen ene 8.95 
NitPOgen...... cee cc rec cc rec ec cece cccevensseeuns 1.34 
Sulphur 0.0... ccc cece cece cece cece cece cece ceccce 2.89 

1 9.10 


From this we get the following data, for each unit of fuel burned. 


Carbon dioxide, produced from the carbon........... 2.663 
Water, produced from the hydrogen............es006 0.455 
Sulphur dioxide, from the sulphur ...............00. 0.0578 
Nitrogen present and brought in, ...........cceceees 7.596 
Air required for complete combustion ............... 9.87 
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ly From the above, the losses in burning this fuel, under the 
conditions named above (10% air excess, and gases leaving the stack 
at 100° C. or 80° C. higher than the temperature which the air and fuel 


had when entering), will be as follows: 


Calories, 

Carbon dioxide... ...2.663 .22X80.....cccccccccce 46.869 
Water. .......200- 0.455 X 1X80... ccccccceces - 36.400 
Sulphur dioxide ... .0.0578 X.15 X80.........cceeees 0.694 
itrogen........... 596 &.24X80..... ccc ccc nee 145.843 
10% air excess ..... 0.987 X.237 X80... .. cc ccc cee 18.714 
A) | cc 248.520 


7293—248.5=7044.5 calories. 


7044.5—10% (radiation loss)=6340 calories. 


This amount is actually available to burn the lime, if we neglect 
the small loss due to heat carried out in the ashes, and the larger loss 


due to unburned fuel remaining in the ashes. 


Heat Required to Produce the Lime.—Since the stone goes in at 
20° C., and is raised to 1040° C., the temperature difference will be 
1020° C. The lime produced will weigh fifty-six per cent. of the weight 
of the stone, and its specific heat is 0.22. Hence, we have: u 


Calories. 

Heating of the lime—1020 X.22 X.56. .....ccseecens 125.664 
Heat carried out by the carbon dioxide—.44.22 80 7.744 
Heat required for the decomposition .........0...00. 437.400 
Total... .. ccc ccc cece cece ccc c een cetsssecccaes 570.808 
Heat saved from cooling lime 10%............ceeee: 12.566 
6 10): Dan 558.242 


Li =._ 


6340 
With this fuel then, we could get ~~ x0.56=6.36 pounds of 


lime per pound of fuel. 
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Burning in an atmosphere of superheated steam, we would need, 
according to Herzfeld, a temperature of 790°C. Hence, 790—20=770, 


net temperature difference. 
Calories. 
For heating the lime—770 X .22 X80................. 94.864 
Heat carried out by the carbon dioxide—.44 X.2280.. 7.744 
7. 





Heat for decomposition ............. ccc eee e cece ee. 437.400 
Total... 0... ccc cee ccc cee eee enn ens 540.008 

Saved from cooling lime ......................0000- 9.486 
23 N 530.522 


Assuming that 0.5 pounds of water is introduced at the temperature 
of the air, we have reduced our fuel efficiency by 0.5 1x 80=40 cal- 
ories. This is the best way to express it, since if steam is used it will 
cost more to generate that steam under pressure than to evaporate the 
water in the kiln, and the heat units in the steam are only transferred 
from the boiler fire to the kiln, and at that with a loss due to transmis- 
sion in the pipes including leakages, radiation, and energy consumed in 
friction. We now have as available heat from our fuel 6340—40= 
6300 calories. That is, this heat under these conditions will give 


6300 < 0.56 =6.65 pounds of lime for one pound of coal. 
5 


Let us now consider the result of a different set of conditions, such 
as are often met with in practice today. 


First: | Assume the kiln gases leave the stack at..... 320°C. 
Second: Outside air .............. 00.2. 20° C. 
Third: IF EXCOBB 00. cece tte tte 100 


Air excess % 
Fourth: Same fuel as before, calorific value..... 7293 calories. 


The losses will be made up as follows: 








Calories. 
Carbon dioxide, from carbon—2.663 X .22 <.300......... 175.8 
Water and steam, from hydrogen 0.455. X 1X80 =36.40 
Sensible and latent heat....... 0.455 X .48 X 220 = 48.05 
‚455 X 536—243.88 328.3 
Sulphur dioxide, from sulphur 0578 X.15X300......... 2.6 
Nitrogen.......0...2000-05- 7.596 X.24X300......... 546.0 
Air excess 100%............ 9.87 X.237 X300......... 701.7 
Total... 0... cc cnet ce nennen une 1754.4 
7293—1754.4 = 5538.6 culories. 


5538.6—10% (radiation) =4984.74 calories. 


This is the number of calories available for lime burning, if we 
neglect the unburned fuel in the ash, and heat carried out with the ashes. 
The lime requires the same heat as in the former case, where water 
was not used in the fire (558 calories for pound of limestone). Therefore, 


we have in this case = .56=5.00 pounds of lime per pound of fuel. 
5 
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Now, if per pound of fuel, we add 0.5 of a pound of water at atmos-. 
pheric temperature, we will increase the losses through the kiln stack 
by: 





Calories 
Sensible heat of water........ 0.5X1X80=.......... 40.0 
Sensible heat as steam...... 0.5X.48X220=.......... 52.8 
Latest heat as steam............ 0.5X536=.......... 268.0 
Total 00. een eens 360.8 
7293—(1754.4 + 360.8) = 5177.8 
5177.8—10% (radiation) = available 4660. 


Since under these conditions, the one pound limestone requires 530.5 


sao .56 = 4.9 pounds of lime for one pound of fuel.* 





calories, we have 


It is evident, therefore, that if good economy is to be obtained 
when using water or steam with the fire, the gases must leave the top 
of the kiln at a low temperature, below the boiling point of water, so 
as not to lose the heat that would be carried out as latent heat of vapor- 
ization of the water. The air excess is an important factor in both 
cases. While the presence of superheated steam does undoubtedly 
reduce to temperature necessary for burning, it is very probable that 
it does not reduce it in practice to the extent used in the calculations. 
Steam also undoubtedly accelerates the evolution of the carbon dioxide, 
since in every case observed, where steam was introduced, the kiln 
capacity was at once increased. 

In using coal only, the air excess is apparently a more important 
factor in losses than is the temperature of the gases leaving the stack, 
and the loss due to the latter is by no means small, but is materially 
increased by the former. 


The same method of calculation would hold for dolomite, and the 
efficiencies shown when burning under different conditions will show 
the same general relation to each other, since the only unknown factor 
is the amount of heat required for its decomposition, and this would be 
a constant for all of the different conditions just the same as the heat 
of dissociation of calcium carbonate or calcite remains a constant in 
all the calculations so far given. Until the heat of dissociation is ac- 
curately determined, no reliable figures can be given for the heat con- 
sumption in the burning of dolomite to lime. Many manufacturers, 
who have had experience with both, say it takes more fuel to burn dolo- 
mite than to burn calcite or high-calcium stone. 

There is probably no industry in the United States today that 
could apply the knowledge of the chemist and technologist to so good 
an advantage as could the lime industry. The lime manufacturer 
seems to have been very slow in realizing that there was a chance to 


*Calories Xf =B.T.U. Degrees Centigrade X 3432 = Degrees Fahrenheit. 
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improve on his methods of manufacture. He seems to have been satis- 
fied so long as he was getting as much lime for a pound of fuel as he 
thought his neighbors were getting. 


From the calorific value and the analyses of coals, the fuel best 
adapted to any given conditions may be selected. In other words, fuel 
can be bought that will give the greatest results for each dollar spent. 
By analyzing the kiln gases, and measuring the kiln temperatures and 
temperatures of the escaping gases, the method of operation can be 
adjusted so as to get the best results under the circumstances, and 
determine what is needed to still further increase the efficiency of a 
plant. With a knowledge of the coal bill, and the output, it is easy to 
calculate what it would mean to a business, if the fuel bill remained 
stationary, while the output increased 20 to 30%. In the opinion of 
the writer, this is easily possible in many Ohio plants, as well as many 
without the state. 


Draft.——The matter of draft is of some considerable importance. 
As indicated previously, all forms of induced draft, including the so- 
called natural draft, are to be preferred over forced drafts, since any 
decrease in the gaseous pressure within the kiln lowers the temperature 
at which complete expulsion of the carbon dioxide takes place, and any 
increase in the pressure raises the necessary temperature. In all cases, 
there must be admitted, or drawn in, sufficient air to bring about com- 
plete combustion, but the excess should be kept as low as possible. 
The loss due to this excess has been indicated previously. With natural 
draft, the height of the kiln and the size of the stone, and the thickness 
and tightness of the fuel bed will, in a large measure, take care of this, 
and openings to furnace and ash-pit need not be so carefully guarded 
as when mechanically induced draft is used. Nor need the bottom of 
the cooling chamber be so carefully closed, since the stack suction is 
so small that the velocity of the air entering any part is low, and, conse- 
quently, the volume of air brought in is small. 


With mechanically induced draft, however, all air inlets should be 
carefully guarded, and only such air admitted as is needed, and the suc- 
tion should be such as to produce a partial vacuum in the kiln, in order 
to get the best results. Of course, there are limits to this, since the air 
might be carried over or through the fuel at such a velocity that com- 
plete combustion would not be obtained, although sufficient oxygen 
had been admitted. 


Lime manufacturers should use draft gauges on their kilns, and 
furnaces, and then when there were variations from what they had 
determined to be the best draft pressures. or what they have found to 
be normal conditions for their plant, they could immediately get after 
the cause and correct it. 
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Cooling. —When the limestone has been exposed in the kiln to 
temperatures of the proper intensity and duration, it must be promptly 
moved out of range of the intense heat or exposure to combustion gases, 
or ‘dead burning”’ will result in the one case and recarbonization in the 
other. The cooling of the freshly-burnt lime is therefore a part of the 
process which requires care and consideration. 

Most limekilns have a more or less marked constriction at a point 
well below the middle height, at which point the fireplaces deliver their 
flames and hot gases. The lime passing this constricted zone reaches 
its highest temperature. Below, the kiln opens out in cross section 
considerably, forming an inverted truncated cone. Into this cavity 
the hot lime descends by gravitation as fast as room is made by removal 
of cool lime at the bottom. 

The cooling is partly effected by fresh, pure air, which leaks in at 
the bottom. This air on entering takes up heat from the lime, reaching 
a higher and higher temperature as it rises, until opposite the inlets of 
the fire-holes it becomes as hot as the lime itself, or from 900° to 1200° C., 
according to the method of firing and general handling of the operation. 

This preheated air furnishes some of the oxygen for the completion 
of the cgmbustion of the flames and gases from the fireplaces. It 
naturally tends to produce a local and very intense, temperature, while 
a diffused and more moderate temperature has been shown to be 
desirable. ges! 

It is apparent, therefore, that rapid and effective cooling by circu- 
lation of air in large volumes from below cannot be effected without 
disturbing the regularity and character of the burning process, as well 
as some ‘recarbonization of the lime. Some air does make its way up 
through the lime, but it is not feasible to admit air in unrestricted 
amounts. Some cooling also takes place by radiation from the exterior 
of the shell or hopper or cone which forms the bottom of the kiln. =; 

Neither or both of these methods operates with as much rapidity 
as is desirable, unless the cooling chamber be made very large, which 
necessitates extra height of the kiln and inconvenience im working 
around the bottom. Consequently, lime is generally ‘only. partially 
cooled in the kiln, and is often drawn while still red hot. „When the 
cooling is completed in the open air, below the kiln,. drona floor near by, 
it means a loss of heat which should be returned to the kiln to do effec- 
tive work there in saving fuel. It also heats up the atmosphere of the 
kiln-house and vicinity, and makes the work more severe for the oper- 
atives. 

In some constructions, the hot air from cooling the descending 
lime is directed into the ash-pits of the fireboxes and is used in consuming 
the fuel. Naturally, it requires less fuel to heat up a column of air 
which enters the fireplace at 500° or 700° C., than if only cold air from 
outside were being used. The difficulty with this system lies in direct- 





Figure 25.—Cooling floor of the Woodville White Lime Company. 
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ing the air from the cooling chamber to the fireplace—the natural 
tendency for it is to rise straight through the shaft without making the 
desired loop. 

Lime should be drawn much cooler than is the general practice. 

Lime should be better protected in the process of cooling, for two 
reasons: First: Because it saves money in manufacture. Second: 
Because it would improve the product. 

In the calculations for heat required, it was shown that the lime 
carried about 125 calories of heat out, most of which should be saved. 
It seems to the writer that it would be entirely feasible to save 50% of 
this, especially where mechanically induced draft were used, by making 
the cooler wall hollow and the hollow space feeding air to the furnaces, 
or by lining the cooler with pipes all carrying air to the furnace. In 
either case the outside wall of the cooler should be insulated with proper 
materials, even if it were bricked in. At the same time, the heat of 
radiation from the cooler would not be making the plant uncomfortable, 
and the lime would be drawn so cool that it would not heat up the plant 
or absorb carbon dioxide and moisture from the air. An undesirable 
thin coat of air-slaked lime often forms in this way, which later retards 
the entrance of water and consequently causes delay in the starting of 
slaking. This brings us up to a consideration of what air-slaked lime 
really is, and what its behavior is under different conditions. 


Air-slaked Lime.— Air-slaked lime is considered an undesirable com- 
modity; it certainly is an undesirable impurity, when mixed with quick 
or slaked lime. Yet air-slaked lime, when separated from unslaked 
particles, has been made into mortar and used as such, giving a strong 
and durable mass. 

From the standpoint of chemical composition, air-slaked lime 
might be defined as being made up of varying proportions of oxides of 
calcium, or of calcium and magnesium. with varying proportions of 
imperfect or partial hydrates, and considerable quantities of carbonates 
of these metals. The amount of carbonates present in a mass of lime 
disqualified for ordinary uses by air slaking, will run from 5 per cent. 
up, depending on the cause of the air slaking. 

If the thin skin formed on red-hot lime cooling in the open air were 
removed, it would be found to be mainly carbonate. The amount of 
water taken up in air-slaked lime is very variable. 

From a commercial point of view, air-slaked lime is something no 
one wants. It consists of a body of lime hydrated, or partially so, by 
an insufficient quantity of water, and is in such a condition that, although 
deficient in water content, it will take up no more, or if it does take up 
more it is at such a slow rate as to be of no commercial moment. The 
water and carbon dioxide already taken up prevent ready entrance of 
more water to the particles anxious to combine with it. Lime which has 





Figure 26.—Cooling floor of the Seneca White Lime Company, Fostoria, Ohio. 
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carbon dioxide of course becomes inert as a caustic agent. The effect 
reabsorbed of any appreciable quantity of air slaking in lime is to cause 
it to slake slowly and imperfectly, and in consequerive of this, to work 
short and tend to be granular and lack plasticity. Yet, if air-slaked hme 
exposed for a long time is put over a very fine screen and only the finest 
particles used, a fairly good working putty can be made, and considerable 
sand carried by it, producing a good mortar. No one will buy it, how- 
ever, if they know it. For use in agricultural purposes it should not be 
rejected or discriminated against, if it were purchasable on the basis of 
the amount of active oxides present, just as a pure, unaltered lime is 
supposed to be sold. The carbonates, in any case, are probably less 
undesirable than the imperfect hydrates. The carbonates, being in a 
fine state of division and inert, act as a good filler and make a dense 
mortar without danger of expansion in the future, while with the im- 
perfect hydrates there is always danger that this hydration will be slowly 
completed with expansion and eventual rupture of the surface. 





Drawing.—The attachment most used for releasing the lime at the 
bottom of the cooling chamber when it is desired to make a draw is a 
shearing device. This consists of two levers with iron plates on them, 
so hinged that when they are drawn together the cooler is closed, and 
when pulled apart there is sufficient opening for the lime to fall out by 
gravity. At some plants, the lime is al- 
lowed to fall into hand barrows; at other 
plants the kilns are built high enough so 
that cars can be backed under the cooling 
chambers to carry the draw to a desirable 
place to complete the cooling, or to the car 
for shipment. 

The frequency of drawing varies at 
different plants. Four and six hours are 
the most common periods. 

Continuous drawing is desirable from 
several points of view. If a continuous 
stream of stone could be kept passing the 
fire at such a rate as to just have the lime 
completely burned and no more, it would I 
be an advantage to the quality of the pro- | | a 
duct, since the constant movement would Figure 27—Drawing Lime. 
keep turning the stone, so that one side 
would not always be toward the hottest part of the fire. Screw con- 
veyors have been used on the bottom of the cooling chamber. The 
objection made to this means of drawing was that the lime was broken 
up too much. Where the lime is used at once, or where hydrated lime 
is made, this would be an advantage rather than the opposite, since the 
finer the lime, if not air-slaked, the more readilv and completely will it 
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slake, and in many cases it is considered desirable to crush the lime 
before going toa hydrating machine. Also the amount of ground quick- 
lime now going on the market renders the above objection less forcible 
than formerly, when there was a market for lump lime only. 


Testing the Product—The end desired in the manufacture of lime 
is the complete elimination of the carbon dioxide of the limestone or 
dolomite in such a way as to not impair the sensitiveness of any part 
of the product to the action of water. This means the production of a 
body which will, when agitated with the proper amount of water, rapidly 
and completely work up into a tough, very plastic, smooth, putty-like 
mass, with no gritty particles remaining. If the heat is insufficient, or 
of too short duration, the desired end will not be reached and cores or 
undecomposed carbonate will remain. If the heat is too great, dead- 
burning or overburning will ensue, and the lime will refuse to take 
up the water and form the putty, and the product will be gritty and 
“short.” The term dead-burning is well used, since an overburned 
lime has a dead or dull appearance when compared to a properly burned 
specimen. 7%; . 

The skill of lime-burners becomes very great in time, and they can 
tell as soon as they look at a lump of lime with which they are familiar 
whether the burning was right or not. 

Since the value of Iime, for the most part, depends upon its ab.lity 
to take up water and hydrate completely, and since the heat evolved in 
this process can be readily measured, it offers a very accurate way of 
determining the value of a lime, when its chemical composition is known. 
If it is not burned sufficiently, it will not develop the standard amount 
of heat, and if overburned it will develop the required amount of heat, 
‘but at a much slower rate. 

For instance, working with 100 times as much water by weight as 
lime, the time required fora high-calcium or hot lime to develop all its 
heat of hydration, when burned at the following temperatures, was: 


Temperature of Mydrate in 100° 
ra 
“burning °C. parte water. 
DOO ce ee tee tt tenes 4.5 
a 4.5 
OOO 2.0. cc cee ce eee tte 7.0 
1OBO ER 9.0 
1200 2. cc cece ce ee cee eee 11.0 


Lime of any given composition, burned under correct conditions, 
will always give out the same heat on being slaked. Rough comparisons 
on the same lime may be made from time to time, with the following 
apparatus: First: Provide a pail with a mark on it, Second: Fill it 
to the mark with water. Third: Take the temperature accurately, by 
an ordinary thermometer. Fourth: Dump in a standard amount of 
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crushed or pulverized lime (always using the same quantity, of course. 
One pound is a convenient quantity). Stir the water and lime with a 
paddle, meanwhile carefully noting the increase in temperature, and the 
length of time required for the water to reach the maximum temperature. 
The quality of a lime can soon be accurately determined for all prac- 
tical purposes, in this simple manner. Lime which has been air-slaked 
will behave just as if the lime had not been sufficiently burned. 


Another good way of examining a lime is to measure its specific 
gravity. When prepared to do this, it can be done very rapidly. Ker- 
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Figure 28.—Specific gravity apparatus according to Le Chatelier, 


osene oil is an excellent and cheap medium in which to weigh the lime, 
since lime is entirely insoluble in it. The arrangement used in the work 
recorded in this article was a small flask, of accurately known volume 
when filled to a certain mark. The lime was weighed out in powdered 
form, and introduced into the flask, which was then filled with oil from 
a burette or graduated tube. The difference between the volume of oil 
used, and the volume which the flask could contain, gives the volume 
of the lime used, and since this volume of lime was previously weighed, 
the specific gravity is obtained by dividing the weight in grams by the 
volume in cubic centimeters, since a cubic centimeter of water weighs 
one gram. If the volumes were in ounces or pints, and the weight in 
pounds or ounces, we would have to divide the weight of the lime by 
the weight, expressed in the same measure, of a volume of water equal 
to that of the lime. 
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In the experiments made on the proper temperature for burning 
the specific gravity of the product was used for observing the quality 
of the lime, and the table given at that place shows that the specific 
gravity is a fairly good index. 

If a lime gives a specific gravity of much less than 3.15 or much 
beyond 3.3, the assumption may be reasonably made that it is a poorly 
burned lime, or an air-slaked lime, or an impure lime. Two Ohio 
dolomite limes, sampled as soon as the kiln was drawn, gave a specific 
gravity of 3.15 and 3.16 respectively. 

Because one lime gives up more heat on slaking than another, it 
does not follow that the hotter lime is the best, otherwise the limes 
made from dolomite would be thrown out at once. It is merely a means 
of showing how well any lime of a known composition has been burned. 
The specific gravity is essentially the same for all when properly burned. 
If the determinations were carried to a fine degree of accuracy, the 
dolomite limes would probably show a slightly lower specific gravity 
than does calcium oxide. A convenient form of specific gravity appa- 
ratus is that of Le Chatelier, shown in Figure 28. 


Patented Processes and Appliances.—There have been granted in 
the United States no less than 190 patents on limekilns and kiln attach- 
ments. Of this number, only about 40 are worthy of study. 

The patents on the general idea or principle involved in the use of 
cooling chambers and forced draft by means of fans have expired, and 
are now public property. Special devices for accomplishing the same 
thing are still patented, and it is probable that more will be granted. 

The specifications of any patent may be obtained at a cost of five 
cents per copy, by ordering by number from the Commissioner of Patents, 
Washington, D. C., and enclosing the money for the patent specifications 
ordered. 

The following list of expired patents contains the numbers of those 
which the writer considers most important in the history of the develop- 
ment of the industry: 


217,415 220,478 120,278 
134,292 1,476 41,691 
220,337 152 330,603 


A few unexpired patents which might be looked over with profit are: 


509,439 513,945 443,779 
443.865 399,496 399,495 
358,437 566,106 521,295 
503,059 407,406 459,693 
593,246 530,125 


Among the more important patents still in force are the following’ 


718,075 436,426 453,774 
414,350 506,029 677,418 
670,047 546,935 708,240 


667,599 712,251 692,257 
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Notwithstanding the fact that so many patents have been issued, 
comparatively few lime manufacturers in Ohio are paying a royalty 
on the use of kilns or kiln attachments. Comparatively few of the 
patents on limekilns have brought the inventor much of a reward from 
a financial standpoint. 


SUBSEQUENT TREATMENT OF THE OXIDES. 


Lump Lime.—When lime is to be used in the lump form, all that 
is done with it is to cool it by spreading it out on floors, after which, if 
it is to be shipped in bulk, it is wheeled into the cars. If it is to be bar- 
reled,it is put in and the barrels headed while the lime is still quite warm. 
It costs twelve to thirteen cents per hundred pounds to barrel lime, 
including the barrel and labor. Within the last few years, there has 
come into use a bag as a container for lump lime. This bag holds 
approximately one-half barrel of lump lime, and the cost of two sacks 
is essentially the same as the cost of a barrel, but the labor cost in filling 
and tying is slightly less than that for filling and heading the barrel. 
The introduction of this bag has been a good thing for lime manufacturers 
since it gave them a lever with which to control the dealers in cooperage 
stock, and the coopers themselves. If there is an apparent shortage 
of staves and cooperage goes up, the lime manufacturer simply orders a 
supply of these sacks and goes on. These sacks consist of a paper 
sack, which has received a coat of water-proofing material. The paper 
sack is encased in a coarse burlap bag, but is made larger than the 
burlap bag, so the latter must carry the strain. 


Ground Lime.—When the lime is to go on the market ground, it 
is cooled, run through a crusher, and from this to a Sturtevant or Stead- 
man mill. The prevailing mill in use in Ohio plants at present is the 
Steadman, but most of those recently installed have been of Sturtevant 
make. The principal market for ground lime is the flint glass and 
plate glass industries. However, there is quite a large amount being 
used in the building trades, and the demand is constantly growing in 
this direction, since there is very little difference in price and when 
barreled it keeps better than lump. Also, owing to its fine condition, 
it slakes more quickly and completely when needed for use. Lime for 
the glass trade is usually ground to 80 mesh, and the same product is 
shipped to the building trade. As was shown in chapter V, quite a 
large amount of lime is crushed for agricultural uses. For this purpose 
it is left very much coarser than for the glass trade, frequently being 
shipped just as it comes from the crusher. This is usually shipped in 
bulk. 


Prepared or Hydrated Lime.—Hydrated lime is fast coming into use. 
If manufacturers make a business of preparing lime, they learn how to 
handle it to bring about the best results. The strongest factor in favor 
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of hydrated lime is that it can be stored in paper bags, and does not 
materially deteriorate with age. This gives it a tremendous advantage 
with the small consumer, as soon as he realizes that it answers all the 
ordinary purposes of quicklime, without the inconvenience of slaking it. 

Another advantage lies in the fact that it does not require to stand 
for several days before using. If mortar or plaster is wanted in a hurry, 
it can be had. 

Prepared lime is always put on the market in the form of a dry 
powder. It is claimed by the manufacturers that it will carry more 
sand than an equal weight of quicklime. This can hardly be the case, 
since an equal weight of fresh burned quicklime, properly slaked, 
would have more of the active agent present. 

However, since in practice quicklime is seldom used before it is 7 
to 10 days or more old, this claim of the prepared or hydrated lime 
manufacturer may be largely true, under average trade conditions. 
Few people realize how much air-slaked lime they buy, since it can not 
be detected by the ordinary observer until it is very much below its 
proper or original strength. This air-slaked lime is largely inert, and 
acts as a good filler, since it is very fine of grain, but such part as is not 
inert is apt to make trouble later, if present in any quantity, especially 
if used on walls or exposed surfaces. It is lacking in normal water 
content, and may in the future gradually acquire that water and expand. 
The part of the air-slaking due to reabsorption of carbon dioxide will 
cause no trouble. At any rate, the presence of air-slaked lime reduces 
the value or strength of the lime very rapidly, and makes it work badly 
under the trowel. For a unit of lime purchased, you get less of the active 
agent desired. The prepared or hydrated limes are slaked at once, 
before any appreciable amount of air-slaking sets in, if the lime has 
been properly handled in the cooling, and, hence, are more uniformly 
efficient, nor are they in danger of spoiling or deteriorating by long 
standing. 

Whatever the relative value of quicklime vs. hydrated lime may 
be, the mixing of the lime and sand is certainly greatly facilitated by 
first mixing the ingredients in the dry state, and then incorporating the 
water, since it is much easier to mix two dry bodies than to work a small 
amount of a very tough plastic body among a large amount of prac- 
tically dry particles in such a way that distribution shall be uniform. 

The hydrated limes may well enter all the markets supplied with 
quicklime, except for certain chemical operations, in which the water 
of hydration would be objectionable, and only the oxide form desirable. 
Further, hydrated lime is much used in the manufacture of hard wall 
plasters or dry mortars, which was not the case when only lump or 
ground lime was to be had. This use will increase. It has been shipped 
abroad by water tansportation. When properly hydrated, this is entire- 
ly safe, as there will be no danger of heating, even if it does get wet. 


21—S. G.—Bull. 4, 
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You would have considerable difficulty to get a vessel to carry quick 
or unslaked lime on an ocean voyage, and many companies are afraid 
of hydrated lime.as yet, but in time they will learn the difference and 
carry it as willingly as any other commodity. The hydrate prepared 
from lime containing little or no iron can in many cases take the place 
of a much more expensive prepared chalk, whiting, or calcium carbonate 
of commerce. For instance, in the ceramic industry, where whiting 
or prepared chalk is used as a flux in glaze and body, hydrated lime of 
proper composition might be used at much less cost and produce equally 
pure colors of body and glaze. The hydrated lime manufacturers 
should investigate this field, and show the potter what he can do for 
himself. It must be borne in mind, however, that the weights used in 
a fluxing mixture will be different when using the hydrate, than when 
the carbonate is supplying the active agent. Thus 72 parts of hydroxide 
would be equivalent to 100 parts of carbonate. | 

Many patents have been granted on so-called processes for the 
manufacture of hydrated limes, and upon machines, and details of 
machines for carrying out the hydration, yet the writer does not look 
on the industry as covered in the sense that it prevents the manufacture 
of prepared lime without working under some patent. As a matter 
of fact, it is generally considered now that these patents are either 
limited in their scope, or of no strength at all, and that the prepared 
lime industry can be undertaken along numerous lines, without fear of 
patent litigation. To do this will, of course, require a good knowledge 
of the general subject, and a selection of methods and machinery to avoid 
conflicting with such of the present patents as have not yet been definitely 
rejected by the courts. Recent court decisions also indicate that patents 
on processes for slaking or hydrating lime can have but little value. 
Such, however, need not be the case as to machinery, or details of ma- 
chinery, or special devices for hydrating lime. So far as the writer is 
able to learn, no Ohio plants are paying a royalty at the present time 
for their hydrating equipment, and probably very few, if any, in the 
United States are doing so. If any are doing so now, they probably 
will not continue to do so for any length of time. There has been a 
great change in this respect in the last few years. 


Patents on Hydrating Processes or Apparatus.—The citation of a few 
of the more important patents allowed, with a brief discussion of such 
as warrant it, will be of interest and benefit, and at the same time 
cover what has been done by the investigators in this field. 

The two following patents, both of which have expired, cannot be 
classed as processes for making prepared lime, but come under the gen- 
eral head of subsequent treatment of oxides, since they were intended to 
reclaim spent lime by making it into blocks, which were then to be 
recaleined. Patent No. 217,317 subjected spent lime to the direct 
action of the products of combustion from any furnace. 





Figure 30.—Cooling floor on one side of kilns, at plant of Standard Lime Co., Gibsonberg. 
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No. 155,043 provided for the compression of ground quicklime into a 
package by hydraulic pressure, for the purpose of preserving its activity. 

Patent No. 683,188, September 24, 1901. Granted to F. N. Spear, 
Los Angeles, California. Claim (1) of this -patent practically covers 
everything granted; it is quoted below: 

“The process for treating lime which consists in first slaking quick- 
lime, and then when in a finely-divided condition, bringing the slaked 
lime into contact with carbonic acid gas.” 

This patent can have but little, if any, value, since it provides for 
putting back into the lime just what was removed by burning it. If 
calcium carbonate is desired, it might better be furnished by ground 
limestone. 

Patent No. 622,388, April 4, 1889. Granted to H. H. Pierce, of 
Toledo, Ohio. This patent provides for the adding of ground calcium 
carbonate to slaked lime. 

This is nothing more nor less than an open adulteration of hydrated 
lime, since the calcium carbonate is inert. We might just as well add 
so much very fine ground clean sand. 

Patent No. 309,328, December, 1884. Granted to W. I. Adams. 
It has recently expired. This patent covered the slaking of pulverized 
lime by water, while being agitated in an enclosed vessel. If this 
patent had been brought into court, some of the more recent patents 
would have had difficulty in proving originality. 

Patent No. 137,323. James L. Rowland, of Milwaukee, Wisconsin. 
This patent has recently expired. Claim 1 provided: “As a means 
of slaking a lime, hydraulic or common or air lime, and producing a 
hydrate, the application to the lime of water in very finely-divided 
particles, as steam or vapors, substantially as set forth.” This was a 
very broad claim, and practically covered the use of water-spray or 
steam in any manner, for the purpose of slaking or hydrating lime. 
The following patent makes use of this principle, but does not call it 
hydration or slaking. 

Patent No. 682,837, granted to Colby M. Avery, assignor to the 
Chisholm, Boyd & White Company, Chicago, Illinois. The claims are 
as follows: | 

“(1). The process of pulverizing lime consisting of the simulta- 
neous agitation and sifting of said lime in the presence of steam. 

(2). The process of pulverizing and separating lime from foreign 
matter, consisting in simultaneously subjecting said lime to the action 
of steam in a confined space, and agitating and sifting said lime.”’ 

Patent No. 696,396 was granted to the same person and assigned 
to the same company, as the preceding patent, and provides a machine 
to carry out the above specified process. 

Patent No. 663,459, granted to Wilhelm Olschewsky, of Berlin, 
Germany, covers a device for slaking lime consisting of a tight box, 


LIMESTONES AND LIME INDUSTRY. 325 


attached beneath a truck for carrying sand brick, and a means of in- 
troducing steam. The cover to the box is removable, and forms a table . 
for the brick when on the box 


Patent No. 714,807, granted to Lynn T. Leet, of Montreal, Canada. 
Claim 1 provides: 

“The combination of a cylinder capable of sustaining great pressure, 
a container for slaking lime, and means for preventing water of condensa- 
tion from coming in contact with the lime in the container.” 

The above patent would seem to have no value, except in connec- 
tion with, or by permission of, patent No. 702,611. 

None of the preceding list have received commercial attention in 
Ohio. All of the following, except No. 721,871, have been used in 
Ohio. The first three, the claims of which follow, are said to be the 
property of the National New Process Lime Company, of New York. 


Patent No. 543,452. The H. H. Pierce Company, of Toledo, Ohio. 
Specification forming part of Letters Patent No. 543,452, dated July 
23, 1895. Application filed June 6, 1894. Serial No. 513,654. This 
. patent covers a process of treating lime: 

1. The herein described process of treating lime, which consists in, 
first: slaking quicklime to putty; second: roasting said putty, and, 
third: grinding the hard mass thus obtained, substantially as and for 
the purpose specified. 

2. As an article of manufacture, lime which as quicklime has 
been slaked to a putty, then roasted and then ground, and which will 
not slake, heat nor swell, substantially as and for the purpose spec fied. 

Patent No. 599,792, granted to same party, makes the following 
claims: 


“(D. The herein described process of treating lime which consists 
in, first, slaking quicklime to a putty; second, roasting the hydrate of 
lime thus formed in the presence of carbonic acid gas, and, third, grind- 
ing to a powder the product thus obtained, substantially as and for the 
purpose specified. 


“(2). As an article of manufacture, lime which as quicklime has 
been slaked to a putty, then roasted in the presence of carbonic acid 
gas, and then pulverized, substantially as and for the purpose specified.” 

In the opinion of the writer, patent No. 599,792 is no improvement 
over No. 543,452, granted to the same party. In fact, the introduction 
of carbonic acid, and the consequent formation of calcium carbonate, 
acts simply as a dilutant or adulterant, which adds nothing to the 
quality and detracts from the strength of the product. 

Patent No. 680,246. James H. Harrier. of North Industry, Ohio. 
Specification forming part of Letters Patent No. 680,246, dated August 
13, 1901. Application filed September 14, 1900. ‘Serial No. 30,053. 
Two claims follow: 
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(1). The herein-described improvement in the art of slaking 
quicklime, consisting in exposing it to moisture, and then excluding 
the air by a covering of pulverized slaked lime, substantiallly as speci- 
fied. 

“(2). The herein-described improvement in the art of slaking 
quicklime, consisting of exposing it to water on an inclined surface, 
and then excluding the air by a covering of pulverized slaked lime, 
substantially as specified.”’ 

Patent No. 543,452 will, if the heat is applied externally and not 
by direct contact with combustion gases, give the best possible results 
with any lime. The process, however, is too expensive of operation, 
except for the production of lime hydrate of special quality for specific 
purposes, which make unusual demands on this product. 


Patent No. 671,621. Henry P. Dodge, of Toledo, Oh‘o. Speci- 
fication forming part of Letters Patent No. 671,621, dated April 9, 
1901. Application filed February 15, 1900. Serial No. 5,372. The 
claims are as follows: 

“(1). The herein-described method of treating lime, which con- 
sists in reducing fresh burned lime to a fine granular or pulverulent 
condition; agitating the mass, and, while in a state of agitation, expos- 
ing its particles to water in quantity sufficient to effect hydration; 
permitting the mass to cool, and subsequently sifting or screening the 
same. ; 


“(2). The herein-described method of treating lime, which consists 
in subjecting, in the open air, fresh burned lime in the form of fine 
particles of powder, to agitation in the presence of water in quantity 
sufficient to effect its conversion into a hydrate, but not materially 
in excess of such quantity; and permitting the mass after such hydration 
to cool and assume a dry pulverulent form. 


“(3). The process of treating lime, which consists in subjecting 
the same, while in a granular or pulverulent condition, to vigorous agita- 
tion in the presence of water sufficient to effect complete hydration, 
but not appreciably in excess thereof; permitting the mass to cool; 
reducing the same to pulverulent form; and screening or sifting the 
powdered mass to remove any particles of undue size.”’ 


A suit brought by the owner of this patent, for infringement, was 
recently lost on the ground that the patent was void. 


Patent No. 678,500. August H. Lauman, of Allegheny, Penn- 
sylvania. July 16, 1901. The claim is as follows: 


“The herein-described method or process of treating lime, which 
consists in adding to burnt lime just sufficient water to convert the same 
into a dry hydrate, the mixture being constantly agitated and thoroughly 
commingled and air excluded and pressure maintained during the con- 
version of the burnt lime into a dry hydrate of lime.” 
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A suit for infringement on this patent was lost, on the ground that 
it was not a patentable invention and therefore void. 

The machine used for carrying out this process is continuous in 
its operation, having an automatic feed and discharge. The machine- 
consists of a cylinder about three feet in diameter by about thirty feet 
in length, with means for agitating and moving the lime from one end 
to the other, in contact first with water and steam in the beginning 
of the operation, and steam only at the finishing end. 

Patent No. 721,871, granted in 1903 to Byron E. Eldred, of Brook- 
lyn, Massachusetts. Claims 1 and 2, which practically cover every- 
thing of value in this patent, are quoted. 

“(1). The herein-described improvement in the art of slaking 
lime, consisting in treating moist slaked lime with sufficient dry quick- 
lime to form a dry product, substantially as described. 

“(2). The herein-described method of treating lime wh ch consists 
in slaking lime with an excess of water over that required for chemical 
combination, and subsequently mixing with it sufficient quicklime to 
produce dry hydrate of lime, substantially as specified.”’ 

No new principle is involved in this patent. Any workman in 
slaking lime makes up a mixture of water and lime, mixing it to a putty, 
and then brings it to the desired consistency by the addition of water’ 
or quicklime, until he attains the consistency sought. The only differ- 
ence between the two is in the end sought or consistency desired. 

This patent will, without doubt, make a hydrate of excellent qual- 
ity, at a very low cost from quick-slaking, hot, or high-calcium limes. 
For the slow-slaking dolomite or magnesian limes, it is probable that 
some of the other methods will be more desirable. 

No matter whether a dry hydrate or a lime putty is desired, when- 
ever the quantity used will justify it, mechanical agitation should be 
used while slaking, since the mixing can be more vigorous and thorough, 
and in consequence the distribution of the water more complete, and 
the resultant product more uniform and even in composition, than with 
hand labor. 


Hydrating Equipment.—This consists of crushers, hydrators, con- 
veyors, grinding and separating apparatus, bins, and sack packers. In 
most cases, the crusher is used as a preliminary step, before going to 
the hydrator,and in some cases the reduction is carried still farther by 
grinding before hydration; in some instances, however, the lump lime 
goes direct to the hydrator. Such is the case at the plant of the Scioto 
Lime and Stone Company, of Delaware. Nor does this company grind 
the product after hydration, as is usually done elsewhere, yet 90% of 
the hydrate passes a 200 mesh screen. 

The crushers most used are small gyratory crushers or grinders, 
which reduces the lump lime in one operation to about 0.5 inch diameter 
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and smaller. The same type is used as when ground or agricultural 
lime is prepared. When reduction is carried beyond the crusher, Stur- 
tevant mills, Steadman mills, and impact pulverizers such the Jeffrey 
mill are in use. 

Many kinds of mixing and agitating machines have received the 
attention of the hydrated lime manufacturer, as a means of procuring 
the best hydration of the lime. The wet mortar manufacturers were 
the first to use mechanical slakers in the state. They used pug mills, 
and almost every kind of mixing and stirring device. They have for 
the most part settled down to using shallow circular pans, with over- 
head arms, revolving in a horizontal plane, and carry-pins or projec- 
tions, extending down into the pan for stirring. Some have a secondary 
mixing arrangement by placing on the end of these arms a device with 
four projections into the pan. This device is connected with the driv- 
ing gear, and rotates at the same time the arms are swinging around. 

An arrangement of this kind was patented and is in use 
at the Ferris Mortar Works, Columbus, Ohio. The New Process Lime 
Company, when operating at Genoa, used a fertilizer mixer, built some- 
what on the order of the above machine, for preparing their putty. 
With this machine, the pan rotated beneath the arms, which were per- 
manent, and only the secondary stirrers were caused to rotate. For the 
production of putty, both these machines proved very efficient. So far 
as the writer knows, the ‘‘wet pan’’ and “‘chaser,’’ so much used in the 
clay industries for the incorporation of water and improvement in 
plasticity of clays, has not been tried. In the opinion of the writer, 
they would hardly prove desirable, since, where used in the sand-brick 
industry as a mixer and grinder, the mullers have tended to gather up 
the lime and carry it around with them, rather than make a satisfactory 
incorporation of it into the sand, unless the lime had been very evenly 
distr buted through the sand in a dry state prior to its introduction 
into the wet pan. 

While the grinding effect of the wet pan would probably be 
desirable in the early stages of hydration, this same compacting force, 
especially for dry hydrate, would be a disadvantage later, by compress- 
ing masses of the semi-plastic lime into cakes, which would dry out, and 
later have to be ground up. Every effort is made to keep the hydrate 
as fluffy and loose a form as possible. To produce dry hydrate starting 
with ground lime, open troughs with agitating and spraying arrange- 
ments have been used, but are practically abandoned now for enclosed 
circular mixers, somewhat on the type of the blunger used by clay man- 
ufacturers, but not so large. 

The Clyde hydrator (see figure 31), which is the one in largest 
use today in this state, will be described in more detail. Two of 
these hydrators are in use at the plant of the Woodville White Lime 
Co., at Woodville, one at the plant of the Kelley Island Lime and Trans- 
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portation Co., at Marblehead, and one at the Urschel Lime Co.’s plant, 
at Sugar Ridge. The rated capacity of these machines is forty tons 
per day, each. All of the machines in use are not, however, working 
to their full capacity. The Clyde hydrator consists of a revolving pan 
sixteen to twenty inches high and eight to ten and one-half feet in di- 
ameter, which passes under a series of plows, so arranged on an eliptical 





Figure 31.—Clyde Hydrator, general view. 


support that in one rotation of the pan every portion of its surface 
shall be touched by a plow shear. The pan is driven by a 6x24-inch 
pulley running 175 R. P. M. The weight of the hydrator, complete, is 
4,500 to 6,800 pounds, depending on the size. The accompanying 
illustrations give a better idea than can be given by description. 


The operation is as follows: The lime after being crushed is fed 
from a bin to a scale hopper, as shown in cut. When this is dumped 
a weighed amount of lime is dropped into the hydrator, which is in 
motion, and the scraper, shown in the right of the pan, levels up the 
lime inthe pan. The water is next applied in definite quantity as meas- 
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ured in the tank, and by means of the sprinkler, all as shown in the 
side view. When all the water has been taken up, or passed off as vapor, 
and the lime hydrate is sufficiently cooled, it is dumped through the 
center by raising a circular rim, by the lever shown in both cuts, which 
at the same time lowers the leveling scraper which pushes all the hydrate 
to the central dump hole. When the hydrate is all out, the lever is 
released and the hydrator is ready for another charge. The pan rotates 
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Figure 32.—Clyde hydrating plant. 


continuously. A hood and air shaft, as shown, is provided to carry off 
steam and dust. This hydrator seems to be producing a hydrate which 
answers ordinary market requirements. The manufacturers of the 
machine, The Clyde Iron Works, of Duluth, say the cost of hydrating 
allowing six per cent. for interest on investment, and six per cent. for 
depreciation, is twenty-five to fifty cents per ton of hydrate, depending 
on the size of the plant, and local conditions. The first cost of instal- 
lation is low on this hydrator. 

The general arrangement of a plant equipped with these hydrators 
is shown in the plans of the Woodville White Lime Company, given 
on pages 355-359. 
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The hydrators thus far mentioned have all been intermittent in 
operation; the next is semi-intermittent, that is, it is periodic as to feed 
of lime and water, and continuous as to discharge. 

The American Hydrating Company’s hydrator, sometimes called 
the ‘‘Reaney hydrator,” consists of an inclined cylinder, mounted on 
rollers similar to the mounting of a cement rotary kiln, as shown in the 
accompanying illustration. 


Ty 





Figure 33.—Reaney Hydrator, made by the American Hydrating Company. 


At the entry end there is a chute, within which there is a hinged 
door, which is connected with a flush tank located above. The tank 
to hold just the quantity of water desired is adjusted and made to 
discharge this quantity of water on each charge of lime of given weight, 
by a connection with the swinging door in the chute. There is a spray 
pipe within the machine, connected with the water tank, so that as 
soon as the lime has entered the hydrator, it is sprayed, and thoroughly 
mixed in the first section of the revolving cylinder. There are a series 
of rings encircling the machine within, that act as continuous retarders 
to the progress of the lime, and at these points some separation takes 
place, the lighter hydrated particles rising and passing over into the 
next compartment, where the process is repeated, the heavy unslaked 
matter remaining until steam and water has done its work. Connected 
to one of these rings is a tapered screen, over which all the material 
has to pass in order to gain exit. This screen may be encicled by a 
second screen of any desired mesh. The fine hydrated particles pass 
through the screen or screens on to the cylinder, and move slowly to 
the exit. 


332 GEOLOGICAL SURVEY OF OHIO. 


At the discharge end, there is a stationary hood containing a par- 
tition, beyond which the screens discharge as waste all particles failing 
to hydrate or pulverize. The finished hydrate falls from the end of the 
cylinder into a conveyor on the inside of this partition. 

There is a perforated steam pipe entering the machine at the dis- 
charge end, which extends through its axis, supplying steam to the 
interior, thus preventing the entry of air. 


There are also flights or baffle plates within the cylinder, which 
carry the material up and drop it through the atmosphere of steam, 
as the cylinder revolves. It is customary to feed this machine in weighed 
lots by wheelbarrow, a barrel of lump lime to a load. No crusher is 
used. The first or water section is six feet in diameter and six feet 
long. The main cylinder is seven feet in diameter and twenty-four 
feet long. Capacity about six tons per hour. This is a patented ma- 
chine, but is sold outright without royalties. The plans of the plant 
of the Scioto Lime and Stone Company, of Delaware, pages 351 and 354, 
which has a hydrator of the type just described, as well as another of 
smaller design, such as is intended for sand brick plants, shows the 
general arrangement of a hydrating plant of this type. With elevators 
and conveyors properly installed there need be no dust from this equip- 
ment. 


The next type is one wholly continuous in operation, and is ex- 
emplified by the machinery in use at the plant of the Standard Lime 
Company, Gibsonburg, the plans of which are given on pages 360 and 
365. This hydrator consists of a long, enclosed cylinder, in which the 
lime is agitated in the start with water and steam, and at the finish 
steam only. Crushed lime is automatically fed at a definite rate per 
minute in a continuous stream. At the same time, water and steam 
are entering in proper and definite amounts to accomplish the desired 
end. The discharge of hydrate is also under control, and is carried 
off at a rate proportioned to the lime entering, and delivers to the ele- 
vators and conveyors for cooling on its way to the bins entirely under 
cover, so there is no dust or loss of fine particles of hydrated lime. Con- 
tinuous operation is always desirable in any industrial process. Hy- 
drating in an enclosure is also desirable, since hydration is more complete 
in the presence of steam, especially if the steam is under pressure. The 
enclosed vessel also prevents dust in the plant, which is also desirable. 
Two of these hydrators are in use at this plant each with a capacity 
of four to four and one-half tons per hour. When slaking was started 
at this plant, an inclosed intermittent slaker was used, and led to the 
development of the machine just described. The old machine as shown 
in the illustration was a tight drum with two openings for putting in 
water and lime. These openings were then closed, and the drum ro- 
tated until hydration was finished. Then it was stopped, opened and 
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the product dumped out and sent to grinder and separater. This 
machine did good work, but was too cumbersome in operation, and took 
too much labor. 


Elevating and Carrying Machinery. For this purpose. chain 


bucket elevators and screw conveyors are used. 


Separating Machinery. - For this purpose, revolving bollers, sereen- 
ing devices, and air separators are used, With screens it is diticult 
to get close separation and capacity. Secondly, it is more diffenlt to 





Figure 34.—Old forın of hydrator, used by the Standard Lime Company, 


keep dust out of the plant. Boltors are expensive in repaira, frequently 
costing as much as two cents per ton of hydrate. The air soparator, 
nothwithstanding that it is expensive of power, ia probably the most 
satisfactory machine for this phase of the operation, 


Grinding.—For grinding, no new or spocial machines have been In- 
troduced. Those mentioned previously for grinding lime are all used 
for grinding hydrate or tailings, as the ense tiny be, There shold 
seldom be as much as five per cent. tnilings, nnd, whenever possible, 
they are disposed of unground, and very little, if any, hydrate is gronind; 
so the grinding machinery is a minor factor, 


Storage.—The bins are and should be made of metal, unlass the 
lime hydrate is thoroughly cool and dry before going to the bin. of 
moisture is still present, it remains quite hot for some time, 
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Packing.—For sacking, ordinary cement or flour packers are in 
use for the most part. Late in 1905 the Woodville White Lime Company 
put in a packer which has been used to some extent in other industries 
and proven very satisfactory for materials not requiring absolute ac- 
curacy of weight in a sack. This uses a sack already closed, as it were, 
since there is only a small opening in the corners, which closes itself 
when the sack is full. There is more or less dust always consequent to 
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Figure 35.—Bates’ Bag packing machine. 


filling the sack and tying it in the ordinary way. With this packer, 
there is practically no dust driven out into the plant. Since it is the 
only one of its kind being used on ground and hydrated lime in the 
United States, and since Manager Urschel of this plant, up to the pres- 
ent writing, reports it as entirely satisfactory, and claims it introduces 
a large saving in labor, a brief description of it is given. With this 
machine eight bags can be- filled at once. The machine has a rated 
capacity of six tons per hour on hydrated lime put into forty pound 
packages. There will, of course, be some variation, say a few pounds 
between different sacks, but Mr. Urschel has weighed up many tons, 
and says the total weight of the fifty sacks is always within a few pounds 
ofaton. The machine consists of a vibrating table, No. 1 in the illustra- 
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tion, which is set at such a height that the bag when placed on the 
filling tube through the self-closing corner, will have just a little slack, 
so settling and complete filling can be accomplished. When a bag is 
in place, slide No. 3 is opened. By changing the rate of vibration in 
the table, it is claimed that a difference of as much as eight pounds in 
weight may be obtained, and in each case have a sack well filled. The 
table is vibrated by an eccentric and shaft No. 5. When the bag is 
full it is simply pulled off, and thrown on the truck ready for shipment. 
The machine is intended for use on both paper and burlap or jute bags, 
but we cannot say just how satisfactory it has proven when using the 
latter. | 


Properties of Hydrated Lime.—The following table gives some of 
the properties of hydrated limes. From repeated tests of the specific 
gravity, it is evident that hydrated magnesian limes of good quality 
run from 2.12 to 2.25. | 


The loss on ignition represents the combined water, plus any car- 
bonic acid which may have been absorbed. The latter is apt to be 
small inamount. The amount of combined water, or the loss on ignition, 
is, therefore, a measure of the degree of hydration. If the dolomite 
were pure, and its calcination and hydration perfect, the loss on ignition 
would be about twenty-seven per cent. We can safely assyme that not 
more than ninety-five per cent of the theoretical purity and efficiency 
is to be found in commercial hydrates; this would correspond to a loss 
of 25.65 per cent. on ignition. Assuming that this figure represents 
the best that can be done commercially, the completeness of hydration 
accomplished in the product of some Ohio manufacturers was computed 
in a scale of 100, viz: 


New Process lime .............cccccccccccecvccsccccece 94 
Standard rock wall finish .......... 00. c cece cece coc une 81 
Standard rock wall finish (four months old).............. 75.6 
White ivory finish ......... 0... ce ccc cece cc we wee e none 75 
White rock finish. ..... 0. ccc ccc cc cc cece ee eens 58 


The difference between the old and new standard rock wall 
finish is no doubt due to hygroscopic moisture in the new product. 
Several attempts were made to determine the hygroscopic water in the 
various samples, but it was found that it could not be done without 
the setting up of elaborate apparatus, for which there was not sufficient 
time. From a practical point of view, the proof of the matter would 
“ be of small moment. Even the sample which showed the lowest degree 
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of hydration was safely stored in paper bags, and after several months 
this sample showed no apparent change in volume. 


Table XXX—Loss on Ignition and Specific Gravity. 






































= Magnesian lime. | High calcium 
e 
Produet. 5, ü gt 2. 2 | - 
= Se jest | Be 23 

Air slaked lime..........cccceeserecnn | Genoa...... 2.66 | 13.11 wees | wees 
Harrier process lime 4 hours after ad-| fp 

dition of water. ............. cee eeee | Genoa...... 253 | 14.04 BEE 
Harrier process lime 18 hours after ad- | 

dition of water............ccccceees Genoa...... | 2.27 | 20.47 | |. 
Harrier process lime 24 hours after ad- | | | | 

dition of water.............ceceeees Genoa...... 2.19 | 19.25 EEE 
White Ivory finish............0.s..05. | Genoa... | 2.35 | 19.28 | |. 
New Process lime ................005- | Genoa...... 242 [24.03 |... |... 
Quicklime .........ceseeeeeeeeeeeees Genoa......| 3.15 | 022 |... |... 
Standard rock wall finish.............. Gibsonburg. 2.14 | 20.95 on | eee 
Standard rock wall finish, 4 months old... | Gibsonburg.| 2.25 |19.40 | .... |... 
*White rock finish .................0.- Clay Center | 2.25 | 14.90 un bee 
Hydrated in dry steam..............22 | cceeeeeeees [2.08]... | 248 |... 
Hydrated in moist steam.............. | see eeeeeee | 2.50. | 24D 
High calcium lime..................5- | Delaware... EHEN 3.13 le 
High calcium limestone ............... | rennen | wees 2.69 | 








*This sample was purchased in Toledo, Ohio, ashaving come from Toledo White Lime Co., and 
sack was labeled "White Rock Finish, Tiger Brand.” 


Another line along which evidence was gathered in the study of 
hydrated limes is the relative increase of volume due to different methods 
of slaking and the different degrees of completeness reached. A series 
of experiments were made, as follows: 

Samples of the various limes were ground and weighed. All the 
water to be used was added at once, and vigorous mixing continued 
until the end was reached. The time required to reach the end was 
approximately twice as long with the magnesian lime as with the hot 
lime. When slaking was complete, the resultant hydrate was dried, 
pulverized, and sieved, and the volume was measured in a graduate 
after they had been jarred down to a comparative uniformity of com- 
pactness. 
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The increase in volume was distinctly in favor of the high-calcium 
lime, as was to be expected, since the oxide of magnesia would under 
such circumstances take up very little water of hydration, and would, 
consequently, not add its full share to the expansion of the whole mass. 
The expansion shown by the dolomite lime was, however, greater than 
could be accounted for by the calcium oxide present. 

The results are given in the following table: 


Table XX XI—Physical Tests of Ohio Limes. 
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High calcium ..| 27.5 7. 65 | 48.95| Water 20% less than theory for com- 
plete hydration. 

27.5 9 80 | 70.6 | Theoretical amount of water. 

27.5 | 10.5 98 | .... 20% excess. 

27.5 | 12. 100 | .... | 40% excess. 

27.5 | 17.5 92 | 59. 100% excess. Product, moist powder 





*Broke badly. Defective briquette. 
27.5 | 17.5 98 | 42.36*| 100% excess. External heat applied 
when slaking. 


27.5 | 27. |60-65 | 48.95 | 200% excess. Moist, lumpy mass. 
*Briquette cracked lengthwise before 


going in machine. 
300% excess. Smooth, stiff putty. 





*Bad briquette. 














Dolomite lime..| 29 8 85 | 24.48*| 20% less than theory for complete 
u hydration. 
29 “10 0 72 Theoretical amount of water. 
> [a | mm Bra 
9 14 m 81.90 40% excess. 
9 Er a 32.84 Sticky, lumpy mass. 100% excess. 





80 External heat applied during slaking. 

: Moist powder produced 100% excess. 
*Bad briquette. 

68 * | stiff putty. 200% exeess. 
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With steam slaking, the increase in volume of dry powder was for 
high-caleium limes about 2 to 2.5, for magnesium limes from 1.75 to 
2.00. The steam slaked samples all showed appreciable amounts of 
carbonic acid, which was no doubt introduced with the steam; the 
specific gravity also indicated that hydration was not so complete as 
with other methods. The absorption of carbon dioxide would have 
the same influence on the specific gravity as water. 

With imperfect slaking, it is very probable that the presence of 
magnesium oxide is responsible for a deficiency of water below the 
theoretical, since magnesium oxide is of necessity overburned, so far 
as its sensitiveness to water is concerned, before the calcium oxide is 
produced. This does not mean that these limes are inferior. The 
fact that dolomite limes under ordinary slaking conditions do not take 
up so much water as the high-calcium limes does not seem to have any 
influence on the strength of mortars produced In fact, such meager 
data as have been published show the dolomite limes as developing 
much the greater tensile strength of the two, especially after six months 
or more. The following results obtained by Geo. S. Mills, of Toledo, 
and published in advertising literature, and in Municipal Engineering, 
vol. 28, pp. 4-7, are very much in favor of the magnesian or dolomite 
limes. The results as given are averages on five or six briquettes. 

The dolomite lime used was practically a pure dolomite. The 
high-calcium lime was one containing about nine per cent. of magne- 
sium oxide. Two parts of sand to one part of slaked lime by weight 
was used in each case in making the briquettes. Tensile strengths 
are expressed in pounds per square inch. 








Time period. 
Lime used. g | Ö Z | £ | o£ | 

“sé = | = | E ro 

g ! 108 | re: 

E | > =} | = r=] | ~ 

+ a0 m i ~~ © — 

| i 

High-calcium lime.............. | 30.66 , 36.40 | 39.25 39.00 50.84 | 44.60 
Dolomite lime ................. on | 28.34 : 37.16 : 51.00 : 83.00 ' 92.84 


The “New Process Lime” is allowed to ripen in the putty form 
for twenty to thirty days. Since, even after this long soaking, hydra- 
tion is incomplete, it is a very safe conclusion that mechanical slaking 
to a dry powder gives as complete hydration as is obtained in the or- 
dinary slaking of dolomite limes for mortar purposes. 

The tensile strength of the limes produced by the various materials 
and various methods of slaking was studied in a hasty manner. Much 
work remains to be done on this subject before authoritative statements 
can be made. 


_| 
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In making the mortar for the briquettes, that prepared from the 
high-calcium lime was first mixed up. Slightly more water than was 
desirable was used, and some difficulty was experienced in getting 
briquettes that were not distorted. With the dolomite limes, less water 
was used and briquettes of better form were obtained. This was partly 
due to the general tendency of dolomite limes to give a firmer mortar 
than the other type of lime. It is rather difficult to obtain perfect 
briquettes with lime mortars of ordinary consistency. 


While the results as they stand are distinctly in favor of the dolomite 
limes for strength, the writer does not consider this test at all conclusive, 
on account of the low tensile strengths of all the mixtures tested, and 
the errors bound to be introduced by imperfect and distorted briquettes. 
A safe conclusion could only be drawn by making a large number of 
briquettes, and breaking quite a number at each time period, carrying 
the work out through a number of years. This, if properly carried out, 
offers a method of proof for the much disputed question as to which 
kind of lime makes the best and strongest mortar. 


Public opinion and trade conditions are not exactly in harmony 
on the question. A great many people will claim that the dolomite 
limes are the best for all purposes, and among the smaller users of lime 
the great majority prefer the so-called white lime. For white or “skim 
coat” work, it is best, since, as a rule, it is whiter than most of the hot 
limes burned in Ohio. Bricklayers say they prefer it to hot limes, 
because they have less trouble in keeping their mortar in condition; 
i. e., the mortar can be spread before it is necessary to lay up the brick. 
They claim that the mortar, once in proper condition, does not change 
or harden so rapidly as that made from hot lime. 


On the other hand, there are many who claim that the hot lime 
will carry more sand. In all large cities, there are now mortar factories, 
whose sole business is to prepare mortar for use in construction; they 
make any and all kinds of mortar, for foundations, for brick walls, for 
plastering, colored mortars for face brick, etc. These firms, who make 
mortar by the hundreds of tons, naturally are in a position to study 
the relative value of every different ingredient entering their mixtures. 
The large amount of material handled should give the opinion of mortar 
manufacturers weight. The mortar manufacturers invariably use 
moderately hot or quite hot limes as the basis of manufacture, adding 
considerable quantities of the dolomite lime to “temper down” the 
mortar, “‘make it harden more slowly,” as they say, and give it a better 
body. They claim better results from a mixture of the two hydrates 
than with either alone. More dolomite lime is used in the mortar for 
plaster than in that for masonry. 


Another fact in favor of high-calcium over the dolomite limes is 
that of all the lime burned in Ohio about one-half of it comes from lime- 
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stone carrying over seventy per cent. calcium carbonate. In Bulletin 
5 of this series, on sand-brick, it is proved very conclusively that the 
high-calcium limes are best for that purpose. 

The following table gives results on four mixtures of sand and lime 
which are exactly comparable. These were rather dry mortars, formed 
under moderate pressure in the molds of a screw hand press, and allowed 
to harden in the air for forty-six days. They were then crushed and 
broken in a tensile testing machine. 


Table XXXIII—Comparison of Dolomite vs. High-calcium Limes. 








Dolomite lime. | High calcium lime. 
rushi Tensil Crushi Tensil 
Wunder. | Se | eh | Anden | reis | ‚Remis 
76 (a) 578 | 43 : 73 (a) | 65 | 21 
59 (a) 522 | 61 | 65 (a) 670 41 
Average | 550 | 52 | rn | 663 31 


From the above it would seem that neither has any decided ad- 
vantage, one being higher in crushing strength the other in tensile 
strength. 

These figures, however, are very suggestive. They seem to indi- 
cate that the reaction with the high-calcium lime is entirely one of 
carbonate formation, but with the dolomite lime some secondary re- 
action like the formation of a sorel cement in a chemical union has set 
in—a chemical union or interlocking of the various magnesium and 
calcium compounds, which increases the tensile strength. This is not 
improbable, since there are present, no doubt, magnesium oxide, mag- 
nesium hydroxide, magnesium carbonate, calcium hydroxide and carbon- 
ate as well as some sulphates. If there were no secondary reaction, 
the crushing strength and tensile strength should bear the same general 
relation to each other in both cases. 

In the small amount of experimental work which has been done 
thus far in examination of limes, in the opinion of the writer, sufficient 
attention has not been given to details, so that results as they stand 
today are not altogether comparable. In planning work of this sort, 
the properties of both rich and lean mortars should be examined, the 
physical character of the sand used, the size of grain and the amount 
of voids in the sand in each case should be observed, both crushing and 
tensile strength tests should be made, since there seems to be a difference 
in the nature of the reaction during hardening, when different limes are 
used. The amount of shrinkage in drying is also a matter of importance 
when trying to determine the quality of any mortar. In any test of 
this sort on account of the low breaking strength which makes the per- 
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centage error for manipulation greater than if working with stronger 
materials, it is necessary that quite a number of pieces be broken or 
crushed for each test. 


‘Unsolved Problems.—There are many unsolved problems in the 
lime industry, both to the manufacturer and the scientist. Some few 
of them are indicated as follows: 

First: How to utilize the fine limestone which accumulates about 
most lime plants. 

Second: How to get the most economy out of fuel. 

Third: What new uses can lime be put to in order to maintain 
production, in view of the increasing use of hard-wall plasters in place 
of the old mortar plasters? 

Fourth: How can further and more conclusive evidence be pro- 
duced to show the relative values of the different limes for any given 
purpose? 

Fijth: Does the sore] cement reaction enter as a factor in the 
strength of dolomite lime mortars? 

Sixth: How can complete hydration of dolomite limes be accom- 
plished on a commercial scale? 

Seventh: What is the behavior of limestone and dolomite cal- 
cined at temperature beyond 1200° C.? 

Eighth: What is the behavior of magnesite calcined at temper- 
atures from 350° C. up, by steps of not over 50° C. each? 

Many more might be cited, but the foregoing are sufficient to show 
how nearly untouched is this field of research. 


APPENDIX. 


The following pages contain descriptive matter and drawings of 
some of the typical lime manufacturing establishments of Ohio. The 
information in each case is authentic, having been obtained in some 
cases from drawings furnished by the companies, in other cases by actual 
measurements on the spot, and where possible these drawings have been 
revised and criticized by the managers of the respective plants. The 
small amount of literature in the English language on the engineering 
of the lime industry should make this accumulation of data of the highest 
value. The broad-gauged liberality and open-minded attitude shown by 
the various companies concerned is the best possible evidence of the 
progressive spirit now prevailing in the lime industry. 


THE SENECA WHITE LIME COMPANY. 


The Seneca White Lime Company, of Fostoria, Ohio, is the only 
one of its kind in the state. It is exceptionally well built throughout. 
This plant was designed by the manager, Mr. W.S. Sutliffe, after many 
years of experience in the lime business. The plant, as the plans show, 
is built almost entirely of brick and iron, and is to all intents and pur- 
poses a fireproof plant. 

While natural gas is the fuel at the present time, the plant is equipped 
with coal conveyers which will deliver coal from a conveyor passing be- 
tween the two rows of kilns, as seen on the plan, with a swinging delivery, 
so that coal can be delivered to each kiln. It should also be noted that 
these kilns are not put up in close battery form, but that on the firing 
floor the entire circumference of each kiln is accessible and that three 
furnaces have been placed in each kiln, at equal distances apart on the 
circumference. These kilns are much higher than the average kiln. 

This plant was built in 1899 and 1900, and shortly after its erection 
mechanical stokers were tried on each of the kilns. The management 
finally gave it up because they could not get the draft through satisfac- 
torily, and the flames and gases would back up and blow out of the fur- 
nace doors when drawing. Mr. Sutliffe makes the following suggestions, 
or criticisms, with reference to these kilns provided he were building 
again: | 

“The fire arches should be low—not over eighteen inches high at 
the crown. These should be nothing but a circular kiln with four fur- 
naces. The top of the kiln should be flared to about eight feet in diam- 
eter at the extreme top, starting at the narrowest point in the kilns, 


344 GEOLOGICAL SURVEY OF OHIO. 


where the diameter is five feet six inches to six feet. The present height 
of the kiln is too great for satisfactory operation without the use of in- 
duced draft. Thirty feet above the grate bars would be about right.” 
This plant has a kiln capacity of about eighty-five barrels per day, 
and the drawing is done every four hours. The natural gas is brought in 
through a six-inch main line, with a two-inch line to each burner. The 
gas pressure is reduced by a gauge to about eight-ounce pressure, as this 
seems to give the best results. When burning very fine stone a still lower 
pressure than this seems to be advisable. The burner consists of a piece 
of pipe two inches in diameter by three feet long, which is fitted into the 
furnace formerly used for coal. The rear end of this is supplied with a 
gas jet about thirteen thirty-seconds of an inch in diameter at the nozzle 
and a steam jet about one-sixteenth of an inch in diameter at the nozzle, 
which delivers steam at ordinary boiler pressure. With this gas pressure 
and this size of nozzle it is not very difficult, by regulating the valve, to 
maintain the long blue flame desirable for lime-burning purposes. Each 
kiln, working under normal conditions, requires about one-half cubic 
yard of gas per second. By the use of natural gas the power and labor 
required for handling coal, both for lime-burning and for power purposes, 
as well as the labor of about three men at the plant, is saved. 


‘oO ‘8110}90,7 Jo ‘Kuwdwoy eumry sy BOOMSG OY} JO GHIOM JO MOIA [BIaTAH—'9e andy 


SS = 





"SYIOM JO uvld punoiIn—zZE aındı] 


aoe 37IvIS 
N O’'vVIUOLSOJ 
>. OD BW 3LIHM WIINIS 3HL 


u 
in, 
nun. una 








“ba 2:08 i i} \ 


u Bir | „rin et ig 4 = Pe ia I — u | r 
= mw iets > au a] TE — = ei ee ee = ie ee es ee ee ee 
a me #— j 1 ‘ 


“_~2- 





ä 
i 7 
| MOLVAITS re um nz sa i “7 £ nn le | a | 
| 
| 
| 





ov 


“ı 


u 
er nn 
m MH u 7% 

(a 
7 
of 





THE SENECA WHITE LIME CO. 


SCALE ae 2 


FOSTORIA, O. 


BECTION ON 0-0" D ING I 
Figure 38.—Cross section of buildings of Seneca White Lime Company. 
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SCALE ee 7 
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SECTION A-A DRAWING | 


Figure 40.—Vertical view and section of kilns. 
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Figure 41.—View of top of kilns and charging track. Seneca White Lime Company. 





Figure 42.—View of kilns at level of firing floor. Seneca White Lime Company. 
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THE SCIOTO LIME AND STONE COMPANY. 


The plant of the Scioto Lime and Stone Co., the plans of which are 
herewith given, is located near Delaware, Ohio, and is connected with 
the Big Four railroad by a siding. This plant is one of recent con- 
struction, haying been built entirely new since the Report of 1888 on the 
Lime Industry. This plant was begun in 1899 by James Reaney, Jr., 
and Francis Starr, by the opening of a quarry and the construction of 
three kilns. In 1901 two more kilns were added, and in 1902 Mr. Reaney 
purchased Mr. Starr’s interest and Mr. H. E. Kendrick became treasurer 
and manager of that company and still remains in that capacity. In 
1903 three more kilns were added, making it today an eight-kiln plant. 
As the plans will show, the kilns in use at this plant are of oblong section, 
with four furnaces to a kiln, with rather short stacks. The fuel economy 
shown by these kilns is about the average for coal and natural draft. 
The kiln capacity, as shown by the daily record, is rather above the av- 
erage. This is the only plant manufacturing high-calcium lime, which 
is illustrated in detail. In 1905 this plant was equipped with the Amer- 
ican Hydrating Company’s machinery, which gives them a capacity of 
six to eight tons per hour of hydrated lime. In 1906 steel storage bins 
with steel covers and steel encased conveyors were installed. The bins 
have a capacity of about one hundred and fifty tons, while the total 
storage capacity of hydrated lime is about twenty-five cars. As is in- 
dicated on the plan, the coal for the kilns comes in on one side and is 
delivered from a track on a level with the firing floor, while the finished 
product is delivered on the opposite side to tracks at a convenient loading 
level. This plant has its cooperage storage, and cooperage shop, adjacent 
to the main plant. The management contemplates the installation of 
a crusher to take care of materials too small for the kiln. The product 
manufactured is as high or higher in calcium oxide as any produced 
in the state. In consequence it is hot and quick slaking. 
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Figure 45.—Details of kilns. 
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THE WOODVILLE WHITE LIME COMPANY. 


The plant of the Woodville White Lime Company is another one of 
recent development. The present management took hold of this plant four 
or five years ago, and immediately began its reconstruction. The quality 
of the stone available had been well demonstrated, because this had been 
the site of a couple of small kilns for many years. These kilns had been 
practically abandoned when the present management took hold of it, not 
because of lack of material or undesirable quality of material, but because 
of a lack of energy—or rather of business aggressiveness—and a lack of . 
capacity sufficient to justify entering the broader market, which the cen- 
tralization of lime interests made it necessary to do in order to make a 
financial success. The present management, on the other hand, as soon 
as they acquired the property, became aggressive in the broader market, 
and at once began spending money in the way of plant improvements, 
as well as in the development of side lines, such as dry mortars ready 
mixed for use, special white coat, which had dolomite lime as a base, and 
things of that sort. At one time this firm was even manufacturing quite 
a good deal of hard wall plaster which carried a very large per cent. of 
calcined gypsum. This firm was also one of the earlier producers of 
hydrated lime, and as the plans will show, they are today running two of 
the large Clyde hydrators, of which they speak very highly after having 
had them in use for some time. This company has had some experience 
with other hydrating machines, and suit was brought against them on 
one occasion and as a result of this suit several patents are today con- 
sidered valueless that up to that time had been the means of bringing 
their owners some royalty. 


As another illustration of the progressiveness of this firm, it was the 
first in the United States to adopt the Bates valve bag packer for the 
purpose of packing hydrated lime into sacks. While this machine had 
not been in use very long at the time of the writer’s observation, it seemed 
to have merit enough to justify a brief description here as a new item in 
lime technology. This company spoke very highly of this method of 
packing. (See illustration and description, page 334.) 


This plant is using rather low, flat, closed-top kilns and induced draft 
and have rather short brick coolers at the bottom. The fuel efficiency 
obtained is about the average for the state, and showed exceptionally 
good management, since their heat losses due to drawing the lime very hot 
are bound to be great and must be overcome by careful management in 
other directions. In the opinion of the writer it would pay very well to 
materially increase the height of these kilns if induced draft is to be used. 
He also believes that this is the first plant in the state to completely 
inclose the tops of the kilns and apply suction by mechanical means near 
the tops of the kilns for the purpose of increasing the draft and thereby 

ncreasing the capacity. The type of kiln, however, which had proved 
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successful with natural draft was not modified to meet new conditions, 
except that steel cases were put on the kiln, with horizontal tops having 
folding doors, which are laid back for the purpose of dumping in lime- 
stone. 

This plant has grown rapidly in the last few years, and additions 
have been made from year tu year, and it is hardly fair to presume that 
& plant which has come to its present size by additions at intervals 
. would be exactly what its owners would like to see if they were to build 
an entirely new plant of the same size and capacity. 
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THE STANDARD LIME COMPANY. 


The plant of the Standard Lime Company, at Gibsonburg, is one of 
the most recent construction in the state. It is also one of the best and 
most substantially built plants in the state, although not the largest in 
capacity. It certainly represents the most modern construction in the 
state. This plant is undoubtedly showing the highest fuel efficiency ob- 
tained at any plant in the state, when averages are taken through any 
long period of time. As the plans will show, the kilns represent the ex- 
treme as to height and as to small diameter. It is probable that with 
the use of producer gas, as is the practice at this plant, the diameter of 
the kilns could be increased to advantage and larger kiln capacity ob- 
tained without increasing the fuel cost per ton of lime produced. 

The various Gibsonburg lime plants which have developed into the 
Standard Lime Company during the last fifteen years have speırt a great 
deal of money in experimenting in methods and given close study to the 
introduction of various economies in lime manufacture. It was one of 
the first to try the continuous kiln, or “ring-ofen,” and also one of the 
first to abandon it as not feasible in this country for lime manufacture. 
Following this a plant was started on the same site, with kilns approx- 
imating in type those now in use. A few years ago this plant was de- 
stroyed by fire and the present plant built at once. This plant, as well 
as the old one, has been the scene of very extensive experiments as well 
as successful development in the way of improvements in lime-hydrating 
machinery by Mr. A. H. Lauman, of Pittsburg. Mr. Lauman has here 
developed hydrating and separating machinery which is continuous in 
operation. This is certainly the right idea wherever it is successfully 
carried out, and is preferable to intermittent working. 

While this plant was not the first in the state to introduce gas pro- 
ducers for the purpose of lime burning, it seems to have made a better 
success of it than the pioneer plant did—or, in other words, the fuel ef- 
ficiency shown is better than that obtained at any other plant. During 
the last six months the monthly records of fuel cost have shown a gradual 
increase in fuel efficiency, until today they have passed the mark of 
four and one-half pounds of lime produced for a pound of fuel. This shows 
that with modern equipment and intelligent handling money can be 
saved in the cost of lime production as well as in the cost of any other 
manufactured commodity, by the application of accurate knowledge of 
the business as well as a knowledge of the principles which have proven 
money-savers in other industries. 

It is gratifying to note that this location, which has been the scene of 
so much expenditure on experimentation, should ultimately be able to 
show the greatest efficiency in the state on fuel costs. 

The producer in use at this plant is one manufactured by the Duff 
Patents Company, of Pittsburg, Pa., and is known as a water-seal pro- 
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ducer, (see page 278.) Up to the present time but one producer has been 
installed for this purpose within the state. but at the present writing 
another producer and three more kilns than those shown in the plans are 
under construction. The plant, as the plans show, has two large hy- 
drating machines, which are entirely enclosed, and the whole plant is con- 





Figure 49.—Old plant of the Standard Lime Co., destroyed by;fire. The scene of 
much successful experimenting in lime technology. 


- structed so as to be one of the cleanest plants in the state, because wher- 
ever it is possible lime dust is carefully confined. jThe construction of 
the entire plant is of the most substantial sort, and it probably has the 
finest power plant to be found in any lime plant in the United States. 
The entire power is taken from a Corliss engine, which even supplies 
power by means of a rope drive to a crusher which is located some dis- 
tance from the engine, and was only recently installed to crush the 
smaller quarry spalls. 
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LETTER OF TRANSMITTAL. 


PROFESSOR EDWARD ORTON, Jr. State Geologist: 
Dear SIR :— | | 

I take pleasure in handing you herewith my work on the 
Sand-Lime Brick Industry. It is an attempt to place clearly before the 
public the fundamental principles of an industry which is yet but little 
known here, but whose products are knocking energetically for admis- 
sion into the accepted lists of approved building materials I wish to 
thank you for the opportunity to study this interesting subject and for 
the opportunity to place the results of my study before the public. I 
also thank you for your kind co-operation and helpful advice given at 
all stages of my work. 

Respectfully submitted, 
SAMUEL V. PEPPEL. 
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PREFACE BY THE STATE GEOLOGIST. 


The manufacture of bricks and similar structural materials from 
sand bound together with some cementing substance has at all times 
been an attractive idea to builders. A number of different cementing 
substances have been used and each one has been the basis of an en- 
thusaistic campaign in behalf of the material thus produced. None of 
these various materials have yet won for themselves a great or perma- 
nent place among the materials of construction. 

The latest of these methods differs from all which have preceded it, 
both in the general nature of the bond established and in the method of 
its production. It consists of a calcium hydro-silicate, produced by the 
action of high pressure steam on a mixture of caustic lime and sand. 
This process, though no longer new, is still practiced in but a small part 
of the civilized world. It is, therefore, still new in its introduction to 
many countries, and is still a recent thing in America, though its growth 
here has been exceedingly rapid during the past three years. 

This process has attained in Germany, and to a less extent in sur- 
rounding European countries, a development far in excess of any pre- 
vious method of sand brick manufacture. In fact, it has become a large 
industry, with plants numbering over the hundred. It has won favor 
among German engineers and architects, who are very conservative and 
particular, and buildings constructed from it have been exposed to the 
weather of northern Germany for a number of years without indications 
of failure. 

In view of these facts, it seemed to myself and the technical staff of 
the Survey, that it would be a matter of interest and importance to the 
public of Ohio, and in fact of the whole United States, to have this new 
process of manufacture carefully and scientifically studied and the re- 
sults made known. This step was considered especially necessary, be- 
cause in the last few years a number of companies have been formed for 
the purpose of promoting this process and inducing capitalists to embark 
in the manufacture of the new sand brick. The results in some of the 
early factories were not altogether successful, and the effect of these 
early failures and the too vigorous and perhaps indiscreet attempts to 
‘‘boom”’ the sale of territory rights on some detail of the process by com- 
panies formed to promote the industry, have combined to create in the 
public mind a widespread distrust. 

This distrust has been fostered also by the manufacturers of ordinary, 
clay building brick, who think they perceive in this new material a dan- 
gerous competitor for their present product. The “greatest good to the 
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greatest number” is of course the only rule by which such great economic 
problems can be settled, and neither the opposition of one class nor the 
equally objectionable ‘‘booming” of the other can ultimately determine 
the future of sand brick. 

It was thought, however, that an ex parte investigation of the pro- 
cess and its product would hasten the day when asane and rational view 
of the invention could become general, and it was undertaken with this 
object in view 

Accordingly, Mr. S. V. Peppel, B. Sc.. was detailed to investigate 
and report upon the industry. His opportunities to study it were quite 
complete. First, by travel and correspondence he has acquainted him- 
self with the exact status of the various plants which have so far been 
erected in this country. Secondly. he has been provided with a minia- 
ture plant for experimental work in the various laboratories of the Ohio 
State University, and has been able to verify the statements and prac- 
tices which he has met outside and to find out what is necessary and ad- 
vantageous and what is immaterial or unfavorable in present practice. 

These investigations were undertaken in June, 1901 and were com- 
pleted in June, 1903, though much other work was carried on during the 
same period. They have been carried on in a spirit of pure investiga- 
tion, and with the sole view of making the truth known, and it is hoped 
that the report will do much toward bringing this new industry into fa- 
vorable notice, especially in such parts of the country as are well situ- 
ated with regard to mineral supplies and other conditions. 

EDWARD ORTON, JR., 

July, 1903. State Geologist. 


ADDENDUM. 


This report, having been delayed far beyond the usual limits before 
printing, is now in a measure out of date. The discrepancies arising are 
chiefly those that relate to the newness or rarity of the industry in this 
country. During the two years or so since this report was completed, 
many sand lime brick plants have been established over a wide extent of 
country. I am informed that not less than one hundred such plants 
have been completed. 

This is, of course, entitled to some weight as evidence of the solidity 
and permanent value of this process of manufacture, but after all it is 
not convincing proof. Many fads have run their course in the commercial 
world just as they do in other departments of life, and mere adoption 
by large numbers is‘not proof of enduring value. 

Of much more importance is the testimony of the business success 
of those plants which have been longest built, or which have been es- 
tablished long enough to get through their experimental stage, so that 
they know their materials, their processes and their product. Evidence 
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of this sort is not equally abundant. Many plants which have been es- 
tablished have not yet reached a solid foundation. There is evidence 
that some plants now have material in buildings which have stood three 
years’ test with satisfactory results. There are many rumors of contrary 
conditions prevailing elsewhere. 

The industry has not grown in the simple, sound, but slow way 
which seems most desirable. One successful plant begets others. But 
“promoted” industries, which are strewn broadcast wherever a good 
salesman can land an order, are not often stable or successful, especially 
when they are dependent upon a chemical process. 

That the sand lime brick industry can be made successful, whenever 
it is carefully and conservatively managed, by men of chemical training 
who devote the same care and technical control to it that is given to 
other chemical industries, admits of little doubt. That it can often suc- 
ceed without these conditions or in the crude way in which it has been 
tried in many places, seems most doubtful. Its future depends chiefly 
on the use of trained technical men, rather than on promoters. If the 
same amount of brain, energy and good judgment is expended on this - 
industry as has been expended on successful plants in other industries, 
we see no reason why it should not meet with the same measure of 
success. 

EDWARD ORTON, JR., 
State Geologist. 


PREFACE BY THE AUTHOR. 


LovisviLLe, Ky., January 2, 1905. 

In presenting this little volume to the public, I desire to thank the 
various firms manufacturing sand lime brick, as well as the firms who are 
building plants, for their courtesy in giving me access to their plants 
and for the frank answers given to my questions, as well as for their zeal 
in pointing out the problems with which they have had to contend, and in 
many cases the method by which they have been overcome. 

I wish also to thank all those who assisted me in the experimental 
work recorded in this report, and especially Mr. Ervin Bailey, M. E., 
who was most helpful in making the mechanical tests of the finished 
material. 

It should be borne in mind by the reader that while this report 
appears under date of 1905, it is a statement only of conditions up to 
the spring of 1903. 

It may be said however, that up to the present time nothing has 
made its appearance either of a scientific or practical nature which has 
not been in support of what is herein set forth. 

The growth of the industry has continued at a rapid rate. The 
more substantially built plants which have been in the hands of a capable 
management for a year or more have earned a good dividend for their 
owncrs. 

SAMUEL V. PEPPEL. 





THE MANUFACTURE OF ARTIFICAL SAND 
STONE OR SAND-LIME BRICK. 


INTRODUCTION. 


It was due to a realization of the importance of this new and rapidly 
growing industry, both to lime producers, to architects and builders, 
and to the general public, that the following study of this subject was 
made. The fact that there was a year ago some uncertainty as to wheth- 
er sand brick was a safe building material, made an immediate examina- 
tion on this point urgent. 

The work was taken up primarily with a view of determining the 
properties and qualities of sand brick, and secondarily to determine the 
limiting conditions for the manufacture of a safe and durable product. 

If sand brick are safe and reliable, it is due the public to know it; 
if they are unfit for general use, or unfit for specific uses, it is all the more 
important that the facts should be published. In any industry, and es- 
pecially in & young one, there are always many questions, both as to 
the selection of raw materials and machinery for manufacture, which are 
the occasion of a great deal of uncertainty. When an industry is once 
well started, we know that with certain raw material, handled in a defi- 
nite manner, in a certain machine or combination of machinery, certain 
desirable results can be accomplished. We also know that a certain raw 
material, exactly like in every respect to that in successful use, cannot al- 
ways be had elsewhere. Or there may be something else, of little value 
for any other purpose, which could be just as well used and occasionally 
with a better result. And it generally happens that the first machines 
in use are not the most economical, or do not produce the best possible 
product. To determine the effect of impurities in the raw materials, 
and the requirements or demands to be made on the machinery used in 
the industry, was of prime importance to the workin hand. Todo this, 
it was necessary to establish a small artificial sand brick factory, so con- 
structed that we could modify and accurately control all working con- 
ditions. 

This was accomplished by the aid of apparatus and machinery avail- 
able in the various laboratories of the Ohio State University, supple- 
mented by some special apparatus built for the occasion. The Depart- 
ment of Ceramics furnished grinding and mixing machinery. The Me- 
chanical Engineering Department furnished a Tinius Olsen 100,000-pound 
testing machine which was used as a brick press. Cast iron molds and 
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dies were made to order for this press. Our hardening kettle consisted 
of a wrought iron cylinder 10 inches in diameter and 7 feet long with union 
flanges on either end, onto which were bolted cast iron heads. The power 
and steam pressure were furnished from the University power plant. 
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CHAPTER I. 


HISTORY AND DESCRIPTION OF THE INDUSTRY. 


It is a long-known fact that a moist mixture of slaked lime and sand 
becomes hard on being exposed to air, a process which depends upon the 
absorption of carbon dioxide. For many years blocks or bricks have 
been manufactured, depending on this reaction, by simply molding a 
sand and slaked lime mixture and exposing it toair. These bricks were 
known as lime sand brick, but mortar brick would probably have been 
a better term for all blocks in which the sand mass is held together by a 
calcium carbonate filler, while the term sand brick might be applied to 
all bricks which have a calcium or calcium-magnesium silicate bond, the 
combination between the sand and lime being brought about by the in- 
fluence of steam. 

Sand brick or the “Kalksandstein” of the Germans is a mass of sand 
particles bound together by either calcium carbonate or calcium hydro- 
silicate, or a mixture of both. 

Mortar brick, with calcium carbonate as the cementing material, 
have been manufactured for fifty years or more. The manufacture of 
sand brick with calcium silicate as the cementing and filling material 
between the grains of sand does not date back more than ten or twenty 
years. In the latter a chemical combination or reaction between the 
two constituents of the brick, slaked lime and sand, takes place, which 
binds the two materials together in a manner akin to vitrification. The 
resultant product is similar in many respects to dry pressed bricks in 
that the bonding extends only to the surface of the sand grains. 

For either the mortar or the sand brick the raw materials are the same, 
sand or a granular silicate and slaked lime, either a high calcium or a 
magnesian lime. The method of treatment during the process of manu- 
facture differentiates them into three distinct products, all of which are 
known indiscriminately as sand bricks. 

Sand bricks with a lime silicate bond are the only ones known in this 
country, and are the only ones deserving extended study. However, we 
will also consider briefly the other products. Mortar brick may be pro- 
duced by three distinct methods. 


2--Bul 5—S. G. 
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SAND BRICK WITH EXCLUSIVELY CARBONATE FILLER. 


It is obvious that the stone which has carbonate of calcium as a filler 
or binding material cannot have the same strength as the one in which 
there is a chemical union of the sand and the calcium or magnesium com- 
pound, as the case may be. 

Twenty to forty per cent. of completely slaked lime is thoroughly 
mixed with sand and sufficient water to make molding possible at mod- 
erate pressures. The hardening process is carried out in one of three 
ways: 

First. The brick are exposed to the action of the atmosphere for 
a long time, the caustic lime thus slowly acquiring the needed carbon di- 
oxide (Ca0+CO,=CaCO,). The necessity for complete slaking is evi- 
dent, since any unslaked lime would slake in the air and rupture the brick. 
The time required before they can be used is five to six months, and they 
_ attain their maximum strength in about one and one-half years. The 
hardening here is similar to that of mortar, and like mortar is only super- 
ficial. The best lime for this purpose would naturally be a hydraulic 
lime, since the hydraulic properties of the lime would add strength 
to the mixture aside from that due to the formation of calcium car- 
bonate. Zwick has said that only thirty per cent. of the lime in very old 
mortars had been converted into the carbonate. 

Second. Hardening in an atmosphere rich in (CO,) carbon dioxide, 
such as the gases from a lime kiln or a combustion furnace of any sort, 
without pressure. This gives the same results as the first process, in 


less time. 

Third. Hardening with (CO,) carbon dioxide under pressure. It 
is claimed by some that this means gives a product in which nearly, if 
not all the calcium hydroxide Ca (OH), is converted into carbonate. 
However, the writer does not believe that this has been satisfactorily 
proven, and he is of the opinion that the carbon dioxide will form a car- 
bonate of lime on the surface, closing the pores of the brick, and thus 
preventing the entrance of sufficient carbon dioxide into the body of the 
brick to make the conversion to the carbonate complete. 


SAND BRICK WITH PARTLY CARBONATE AND PARTLY SILICATE 
FILLER. 


In this process the treatment up to the hardening process is essen- 
tially the same as just described, but the hardening is effected in a warm, 
moist atmosphere, saturated with CO, from lime kilns, or other sources. 
The heat of slaking lime is sometimes used to aid in keeping the tempera- 
ture up to 60-70 degrees C. A combination of these methods provides for 
the introduction of CO, into kettles or closed iron cylinders used for steam 
hardening. Under the conditions first cited, the product has as a bind- 
ing material for the most part CaCO,, but some hydrated calcium silicate 
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is probably formed, thus strengthening the bond. In the latter the 
binding material is mainly the calcium hydrosilicate, and the amount of 
calcium carbonate much less than the former. 

I am inclined to the belief that here also the superficial hardening 
prevents anything like a nearly complete change of the Ca(OH), in the 
center of the stone. This, of course, would be no detriment to this 
product, or the preceding one, except to give a weaker brick, provided 
only that the surface had reached sufficient hardness and density to pre- 
vent all access of water or gases. If this is not obtained, we should ex- 
pect efflorescence as a result of the solubility of the calcium hydrate. 


SAND BRICK WITH HYDROSILICATE FILLER. 


This brings us to the third class, the only one which I think will 
ever take any important place in the world’s markets. For this reason 
we shall go into the essential facts more closely. 

The same raw materials are used as in the other processes, viz: sand 
and lime. 

PROCESS OF MANUFACTURE PRIOR TO HARDENING. 
In present practice, one of four methods prior to hardening are em- 
ployed, the differentating features being the mode of preparing the lime: 
1. The wet slaking process. 
2. The dry slaking process. 
3. The acid slaking process. 
4. The quicklime process. 


Wet Slaking Process.—This process consists in slaking the lime to a 
fat putty, either by hand or by mechanical aids, and then mixing in the 
desired proportion of sand and water in a wet pan or a pug mill. From 
here it is carried to bins over the press, allowed to stand a short time, and 
then pressed. 

With properly burnt fat, or high calcium lime, the addition of the 
proper amount of water and with sufficient agitation and labor, this can 
be accomplished. The heat given up by the union of caustic lime and 
water is sufficient to generate steam in the minute pores of the amor- 
phous oxide and thus break it up into the smallest possible particles, 
constantly and rapidly exposing new and fresh surfaces to the hot water. 
Calcium oxide on hydration gives up 246 calories per gram. Under 
these conditions the CaO seems to form a hydrate carrying more than 
one molecule of water, the excess being locked in so loosely that a little 
excess of heat, as would be the case with too little water, would prevent 
its formation, or break it up, if formed. If there is not sufficient water 
the lime will become too hot, if there is excess the temperature will be 
too low for the best results. The product of correct slaking is an ex- 
tremely tough and plastic mass. 

Walters found that the best slaking of high calcium lime gave an in- 
crease of 313 times the original volume, air slaking 21% and slaking with 
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a large quantity of water 1.7. This increase in volume gives it greater 
spreading or enveloping power. 

With the dolomites more time is required for proper slaking, for two 
reasons: 

1. The magnesium oxide is somewhat overburned at the tempera- 
ture of complete expulsion of carbon dioxide from limestone and hence is 
above its point of maximum porosity. 

2. The heat evolved by magnesium oxide on hydration is much 
less than that for the hydration of calcium oxide. Both act in the direc- 
tion of retardation. Pure dolomite lime yields about 130 calories per 
gram. 

The process of hydration for this type of lime can be much improved 
and hastened by the use of hot water or the application of external heat. 
It is claimed by many that the magnesian limes never develop the same 
degree of plasticity as the fat limes. This may in part be due to imper- 
fect slaking. 

When lime of any sort is prepared in this manner and used in the 
form of putty, its even incorporation into the sand is very difficult to at- 
tain, owing to the plastic, sticky nature of the lime paste. Little balls 
form, consisting of a nucleus of lime surrounded by a mass of sand par- 
ticles, which prevents the further distribution of the lime over the sur- 
face of the sand grains, except by the most vigorous rubbing. 

When a complete and even distribution of the lime is obtained, the 
mixture works well in the press and will make a good brick. 

If this process is used it will be found advantageous to work the 
paste up into a cream with water before the sand is added. This thin- 
ning down of the lime greatly facilitates its distribution. 


The Dry Slaking Process.—This differs from the preceding only in 
the fact that the lime is slaked with just enough water so that the heat 
of the chemical reaction will dry the finished hydrate. The hydration is 
incomplete in most cases. There are a number of patented processes 
and patented machines on the market for doing this, both in this country 
and in Europe. Some of the devices are closed tight, and the slaking is 
done under pressure with water alone; in others the lime is treated with 
both water and steam. 

In another type, water is added to the lime in a partially closed ves- 
sel, and heat applied externally by means of a steam jacket. 

H. E. Brown claims that dolomite lime hydrated under the con- 
ditions last mentioned in a steam jacketed machine, showed on chem- 
ical analysis complete hydration, with a three-fold increase in volume, 
and yet is a dry product. 

The experience of the writer did not confirm the above statement. 
On slaking with steam alone about two and one-half volumes for high 
calcium lime and about two volumes for dolomite lime were obtained. 
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In none of the various methods tried for slaking did the increase in vol- 
ume of dolomite lime exceed that of the high calcium lime under similar 
treatment. , 

In every case where hydrated lime, prepared by any of the dry 
slaking processes now in use, was examined, a lack of combined water 
was found—that is, slaking was incomplete. The deficiency in water 
varied in different samples from a few per cent. up to ten per cent. of 
the weight of the lime, or in other words, there was only from 60 to 95 
per cent. of the water present which should have been there. All of the 
samples examined were magnesian limes, and all were safely stored in 
paper sacks. It does not seem probable that a deficiency of ten per cent. 
of water in a dry slaked magnesian lime would be dangerous for mortar 
purposes or for the manufacture of sand lime brick. 


For sand lime brick, a steam-slaked lime, whether hydration is com- 
plete or not, is safe, since it has expanded all it will under the action of 
steam. 


Where magnesian lime is used in this industry, this is the method 
of preparation which should be used, since the dolomite limes slake too 
slowly to make the quicklime process available. 


The fine state of division in which the lime hydrate is left after dry 
slaking gives it the best possible physical condition for uniform distribu- 
tion and chemical reaction. The dry hydrate can be rapidly and com- 
pletely incorporated into the sand, and when moisture is added later 
there is but little tendency to ball up. With wet sands the incorporation 
of the hydrate is not so easy, but it can be done with much greater facility 
than with the pasty lime hydrate. 


Acid Slaking Method.—In this process 5 to 10 per cent. of a solution 
of common hydrochloric acid, 19° B., is added to the lime after 
slaking has begun. This is the basis of a German patent issued to 
P. Kleber. In the preliminary slaking the hydration is carried only to 
from one-third to one-fifth of completion, so that only one-third or one- 
fifth of the lime is converted into calcium chloride. This compound, as is 
well known, has a great affinity for water and is also very active in attack- 
ing silicates, as is illustrated by its action in the nascent condition made 
use ofinthe J. Lawrence Smith ignition for the determination of the 
alkalies. 

The introduction of the acid must be objectionable at any rate since 
if the calcium chloride remains as such it would be soluble later and give 
trouble. If it is decomposed, and calcium silicate formed, the acid lib- 
erated in the atmosphere of steam must certainly attack the metal cyl- 
inders unless they are glazed with a silicate of some sort or lined with lead. 
The reaction involved in this process is: 


CaCl,+ SiO,+ H,O = CaSiO,+ HCl. 
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It is claimed by Kleber that the acid accelerates the slaking and 
shortens the time needed in the hardening cylinder. The introduction 
of calcium chloride is claimed to be less satisfactory than the use of the 
acid. The cost of the latter may vary from 1 to 114% cents per pound. 
While there are a number of plants operating under this patent, the 
writer does not believe that any acid is now used. Kleber’s American 
patent differs from his process patented in Germany and will be dis- 
cussed later. 


The Quick Lime Process.—In this the dry calcium oxide is mixed with 
the sand and just enough water is added to slake the lime and to put it 
into the proper condition for pressing. The water is usually added in 
two portions with a short interval of time between additions to give the 
lime time to absorb all of the water it can carry“ The product then 
goes to the press, or to a silo for sweating. The silo method has for the 
most part been abandoned. 

This certainly is the most rational and rapid method, where the 
available materials are such as can be successfully worked in this manner. 
There is no rehandling of any of the materials. The sand and lime start 
in together at one end of the plant and come out at the other a finished 
product without intermediate delay, except that involved in the steam 
treatment. 


This method will require the use of at least two mixing machines 
and preferably three, and they should be so geared that the mixture does 
not reach the press under twenty minutes after the time water was added 
to thelime. If an intermittent mixing machine, such as the Schwarz 
mixing machine, is used, the mixture, in order to attain complete hydra- 
tion and adequate distribution of the lime, must be kept in the machine 
sufficiently long. 


This method is not adapted to the use of all kinds of limes. It re- 
quires a sensitive, quick slaking lime, and hence the only limes which 
should be used are the high calcium or hot limes, and these should not 
be overburned or exposed to the air any length of time after burning. The 
ideal way would be to burn the lime at the plant as needed, using it at 
once. This, however, would be feasible only with plants of large capacity. 


A sand containing considerable moisture can be used without dis- 
advantage, since the absorption of water by the quicklime will remove 
a considerable quantity of moisture from the sand and the heat generated 
by slaking will aid evaporation as well. If the plant is properly arranged 
the mixture will go through the press while still quite warm and into the 
hardening kettle before cold. In this manner some steam is saved in 
the hardening process, since not quite as much steam is condensed in 
raising the temperature of the brick up to the temperature of the steam. 
The amount of steam condensed will, of course, be the less the higher the 
initial temperature of the brick is. 
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MIXING. 


Since the thoroughness of the mixing process is the key to the suc- 
cess of the process, almost every known mixing device has been tried. 
The predominating types of mixers in use today are the pug-mills and 
the tube-mills. The Schwarz mixer is also much used. 


PRESSING. 


Owing to the gritty character of the mixtures, and their very re- 
luctant flow in the die under pressure, and the very rapid increase of the 
pressure after a certain percentage of reduction of volume has been 
reached, the demands on a machine to successfully make sand brick are 
different from those of any other process, and could not be furnished 
satisfactorily by any of the brick presses designed for making dry-press 
clay brick, until they had been strengthened for the new duty. After 
trials of all the various kinds of presses, the rotating table press predom- 
inates in European practice, while in America the honors are about evenly 
divided between the table press and the upright dry-press machines used 
for clay brick. 

HARDENING PROCESS. 


The hardening is accomplished in one of two ways, either by low 
pressure steam and long exposure, or high pressure steam and short ex- 
posure. In the first case, the pressure used is about two atmospheres, 
giving a temperature of about 125 degrees C, and the duration of the ex- 
posure is in the neighborhood of seventy-two hours; in the second case, 
the steam pressure is from seven to ten atmospheres, giving a tempera- 
ture of 170 to 185 degrees C, and the exposure lasts for a few hours only, 
six to ten hours being sufficient in most cases. The latter procedure, 
using seven to ten atmospheres of steam pressure in hardening, is now 
almost universal in the industry. 

There are probably more plants operating at a steam pressure of 
115 to 125 pounds to the square ineh than at any other. The above 
pressure gives temperatures around 175 degrees C, and the time needed 
is eight to ten hours after the brick have reached this temperature. It 
usually requires from forty-five to sixty minutes to raise the temperature 
of the hardening cylinder after it has been filled. This time is dependent, 
to some extent, on the steam-producing capacity of the plant, and the 
size of the inlet valve. 

The letters patent on this most important procedure, hardening by 
steam under pressure, were taken out by Professor Michaelis early in the 
eighties, and permitted by him to lapse without commercial application. 

This procedure 1s therefore public property and auy one may use it 
without danger of suit for infringement. 

I have already mentioned a modification of the hardening process 
in which carbon dioxide is introduced either with the steam or after it. 
If this method is used at all, it is employed only when working with low- 
pressure steam. 
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CHAPTER I. 


THE RAW MATERIALS, THEIR IMPURITIES, AND THEIR - 
PREPARATION. 


SAND. 


1. Almost any sand can be used, and a fair product produced, if 

the treatment is properly varied to suit the physical and chemical prop- 
erties of the sand. Economy in manufacture, however, limits both the 
physical and chemical properties of the sand, somewhat sharply. While 
a moderately strong brick of good appearance can be made from almost 
any sand, yet there are certain limitations in the chemical,or rather the 
mineralogical constitution of the sand, aside from those dictated by eco- 
nomy in manufacture, if we expect to obtain a thoroughly safe and 
durable material, as will be shown later by experimental results. A sand 
containing too much clay will make a brick which will not stand up 
long under the attacks of severe climates. 
' 2. A comparatively pure sand is essential to cheap manufacture, 
as well as for the production of a safe and durable material, nor should 
the sand be too coarse. It is probable that for the best results most of it 
should pass through a screen 20 meshes to the inch, unless there is a good 
gradation from extremely fine to coarse sizes, in which case perhaps 
coarser sand could be worked in to advantage. The product would not 
be as smooth and pleasing to the eye as one made from finer sand. 

The object is to obtain a sand which will contain enough very fine 
particles to combine with the lime, and which when pressed will leave 
_ the smallest possible interstitial spaces, thus reducing the amount of lime 
necessary for Welding these particles together to the minimum. 

Work done in connection with the cement industry has shown that 
practically none of the sand coarser than 100 mesh, and only a part of 
that of 150 mesh, enters into the active cement reaction. 

As an illustration, suppose we had one sand all of the size of walnuts 
and another all of the size of wheat. Enough of the smaller could be 
mixed in to materially reduce the interstitial space, and yet leave suf- 
ficient space for a binding agent. 

The finer the material, as a whole, the more difficult will it be to so 
mix it as to get a coating or film over each particle of sand. On the other 
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hand, the union will be more complete, and the product more pleasing to 
the eye. 

Experiments carried out by Prof. M. Gasenapp in the chemical tech- 
nical laboratory of the Polytechnic Institute at Riga, the results of which 
were published in the Thonindustrie Zeitung for October, 1900, p. 1703, 
and Vol. 25, p. 762, clearly show the necessity of using fine sand for rapid 
. and economic production. 

A set of results were first obtained with fat or high calcium lime as 
the active agent, and a second with lean or dolomite lime. 

In both cases a very pure, sharp, coarse sand 0.6 to 1.0 mm. in diam- 
eter was used, and a fine sand, 0.2 to 0.3 mm. in diameter. The fine sand 
was somewhat rounded and contained a considerable quantity of soluble 
silicic acid, therefore it was treated with HCl, and caustic soda solution, 
and washed before using in the experiments. | 

Each size of sand was treated with 10 per cent. and 20 per cent. of 
lime, respectively, and with 10 and 20 per cent. of dolomite lime. High 
pressure steam was used. Both sets were run for eight hours, one at 5 
atmospheres pressure, the other at 10 atmospheres. 

The analyses of the resultant products given below in Tables I and 
II are self-explanatory. The soluble silicic acid is an index to the extent 
of the reaction. The methods of analysis are not given. The samples 
were exposed to the air for from two to five weeks, which probably ac- 
counts for most of the carbon dioxide, since the Ca(OH), was not all 
converted into the silicate. 
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Influence of Fineness.—Considering the above tables, I and II, we 
see that the coarse and fine sands were very differently affected under 
the same conditions. This is brought out more clearly by ‚Table III, 
which is a condensation of I and II to illustrate this point: 


TABLE III. 


Percentage of soluble silica found by analysis of Product. 
Percentage Pressure of : 








Bi causti¢ „geam in 
er u . m res. ° 
=“ | memes Kind of caustic filler used. | Using coarse | Using fine sand. 
5 Pure Lime 0.43 3.06 
Dolomite Lime 0.75 1.98 
10 
10 . Pure Lime 3.33 7.58 
Dolomite Lime 3.14 6.29 
5 Pure Lime 0.59 3.41 
Dolomite Lime 0.65 u 
20 
s 10 Pure Lime 2.75 11.14 
Dolomite Lime. . a .69 .03 





In every case the reaction is much more complete with the fine 
sand. This shows clearly the necessity for some fine quartz. The re- 
action has gone a great deal farther with the fine than the coarse, although 
the fine sand was not in as favorable physical shape for chemical union as 
the coarse. If soluble silicic acid were naturally in the sand, it might 
take the place of fine sand. In each case, the lime was not all combined 
with silica; that is, the reaction was incomplete, as is shown by the pres- 
ence of uncombined calcium hydrate. After deducting from the chem- 
ically combined water that which would go with the calcium hydrate, 
the balance of the water gives some striking molecular ratios to the solu- 
ble silicic acid. Thus from Table I and II we have 


TABLE IV. 
Series A. 
Number................ | 1 2 3 4 5 6 7 8 
Ratio...........22220.. | 3.7 2.66 | 6.50 | 3.7 1.7 1. 2.8 1. 
Series B. 
Number................ 1 2 3 4 5 6 7 |..... 


Ratio............2.2.... 9.55 | 2.16 | 14.4 | 7.4 | 2.7 0.93 | 2.60 | ..... 
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The ratios 6.5, 7.4, 9.55, and 14.4 seem a little unusual to me. It is 
notable, however, that, with one exception, the high ratios are with the 
MgO. . 

These results also show clearly that high steam pressure in harden- 
ing is essential to anything like rapid working. 

Professor Michaelis is quoted as saying the higher the pressure, the 
higher the amount of soluble silicic acid, and the more solid and denser 
the resulting brick. 

Professor Michaelis has given the physical properties of the sand 
primary importance, and chemical properties a secondary place. He 
also says that two-thirds coarse and one-third fine sand gives a denser 
and firmer brick than where the sand is all one size. Seventy per cent. 
coarse sand, 30 per cent. fine sand, with 5 per cent. lime gives a good 
product, having 7 to 8 per cent. porosity. He has also shown that good 
brick can be made with sand carrying as much as 40 per cent. clay, if 
sufficient lime is used. | 

He does not, however, present any evidence to show that the brick 
containing so much clay did not fail under the action of severe freezing. 

Judging from his figures, the writer thinks that for each part of clay 
present a little less than one part of lime must be added in excess of that 
which would be needed for the sand itself. 

The effect of clay will be considered under the head of impurities 
in the sand. 


Proportion of Coarse and Fine Sand.— Returning to pure sand,. from 
the work quoted above, it is evident that there should be some very fine 
sand present. The next question must be: What proportion of fine ma- 
terial is desirable” 

The statement of Dr. Michaelis, that two-thirds of coarse and one- 
third of fine sand is best, is a little indefinite, since coarse and fine are 
not in any way defined. It is reasonable to suppose that the mixture 
which will leave the smallest amount of interstitial space when pressed 
together will be the strongest. This might be calculated exactly. But 
since it would not be attainable in a commercial way, the calculation is 
omitted and practical tests will be given to show the effect of varying 
the amount of very fine sand. 

In all this work a pure, sharp glass sand was used as the coarse ele- 
ment, the mechanical analysis of which gave the following results: 


Per cents. 
Retained on 20 mesh sieve.......................0.0005 0.0 
Retained on 40 mesh sieve............................. 50.0 
Retained on 60 mesh Sieve. ........................0004 33.0 
Retained on 80 mesh sieve.....................0...004. 7.0 
Retained on 100 mesh sieve .......................... 7.0 
Retained on 120 mesh sieve........................00.. 2.0 


Retained on 150 mesh sieve....................00-. 20 es 1.0 


STATE GEOLOGIST. 29 


The fine sand was introduced in the shape of a pure potter’s flint, the 
mechanical analysis of which showed the following results: 


Per cents 
Residue on 120 mesh sieve................-..-.. 00 ee 0.70 
Residue on 150 mesh sieve.....................0 0000 1.00 
Residue on 200 mesh sieve..................-2.--20005 1.25 
Grains of average diameter 0.0212 inch................ 24.00 
Grains of average diameter 0.0086 inch................ 19.00 
Grains of average diameter 0.0004 inch................ 8.50 
Grains of average diameter 0.00026 inch.. ............. 7.50 
Grains of average diameter 0.000136 inch.............. 5.70 
Grains finer than the last size....................2.05- 32.35 


Both sands were practically free from soluble silica. 

Different mixtures representing several ratios of coarse to fine sand 
were now made, and to each 5 per cent. of calcium hydrate and 5 per cent. 
of water above that needed for hydration was added. The lime was 
steam slaked. All other conditions of making the sand lime briquettes 
were kept as uniform as possible. The results, each representing the 
average of three tests, are given in the following table; 











TABLE V. 
Crushing strength Tensile strength 
‘Number. Ratio of coarse to fine grains. pounds per square | pounds per square 
inch. inch. 
77 8 coarse: 2 fine............... 3114 131 
79 4 coarse: 2 fine............... 2955 144 
84 3 coarse: 2 fine............... 2461 224 


These results indicate clearly that the ratio of coarse to fine grains is 
extremely important and also that much more work is necessary in de- 
termining the best ratio. It is quite evident from the above figures that 
a decrease in the proportion of coarse sand decreases the crushing strength 
while the tensile strength is increased. 

While this is the case for the range of mixtures examined, when car- 
ried further, limits will be reached in both directions, and the writer re- 
grets that he is unable at present to fix these limits. 

The blocks for the preceding tests were made in a hand screw brick 
press,on which it was impossible to give each block exactly the same 
pressure. Since, as we shall show later, the pressure has a decided influence 
on the strength, the above results would probably show a closer relation 
between the decrease in crushing strength and increase in tensile strength 
with the increase in the amount of very fine particles present, if they had 
been made in a machine where this pressure was under accurate control. 
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From the foregoing it may be concluded that for the best working 
conditions in using a sand all of which is retained on a 40-mesh sieve, we 
should pulverize one-fourth of the sand so that at least one-half of this 
amount (one-eighth of the whole) passes the 150-mesh sieve. However, 
if we had sand with a good assortment of sizes from coarse to fine, the a- 
mount of fine sand passing the 150-mesh sieve should be at least equal to 
the lime to be added. 

The fine sand not only fills the spaces between the coarse particles, 
but assists in the even distribution of the lime and very much accelerates 
the chemical reaction so necessary to strength. 


Effect of Shape of Grain.—While it is very probable, indeed, that 
sharp sands are much to be preferred, no comparative tests to show just 
to what extent the shape of the grains will affect the strength of the 
material produced have been made. 


ORDINARY IMPURITIES. 


Clay Substance.—The ordinary impurities in sand are for the most 
part silicates represented by clay or kaolin, mica and feldspar, and almost 
always some ferr.c oxide. While mica and feldspar are frequently absent, 
clay and oxide of iron are scarcely ever lacking entirely. While usually 
feldspar and mica are not present in important quantities, there are re- 
gions in which the sands are rich in one or the other, and sometimes in 
both. Oxide of iron, which is nearly always present in greater or smaller 
quantities, reacts with silica very feebly, if at all, in the presence of steam 
under pressure, and may therefore be considered inert except for its col- 
. oring action. It may, however, act as a promoter of chemical combina- 
tion analogous to the action of ferric oxide in Portland cement. No 
attempt was made to determine whether this is the case or not. By far 
the most common impurity found in sand is clay. If there is any im- 
purity in a sand at all, it is usually clay. Its effect on sand brick was, 
therefore, studied more in detail than that of any other impurity. 

No bricks were made with sand carrying mica, since ordinarily it 
would not be found in sufficient quantity to do much damage. 

Professor Rinne, of Hanover, commenting on the examination of a 
number of thin sections of sand lime brick under the microscope, says:* 
“Mica flakes do not seem to have been materially attacked. Quartz 
and feldspar do not show much, if any difference.” That is the quartz 
and feldspar unite with the lime in about equal proportions. 

From theoretical considerations we might say that the presence of 
silicates in any large quantity would act as a dilutant or inert material, 
with perhaps a few exceptions. Kaolin (Al,O,, 2SiO,, 2H,O) may be 
converted into anorthite (CaO, Al,O,, 2SiO,), but we do not know this to 
be the case. Also anorthite, if present in the sand, might take on four 
molecules more of SiO, and five molecules of H,O as water of hydration 


*Tonindustrie Zeitung, 1003, No. 16, p. 193. 
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and form heulanite (5H,O, CaO, Al,O,, 6SiO,), and the acid ortho-silicates 
represented by phenite (H,O, 2CaO, Al,O,, 3SiO,) might take on another 
molecule of CaO and give up a molecule of H,O. 

It is hardly likely that the normal silicates would become more 
basic in the presence of large quantities of available silicie acid. It 
is not likely that the metasilicates, represented by the simplest silicates 
of calcium and magnesium, Enstatite (MgO, SiO,) and Wollastonite (CaO, 
SiO,), can do more than promote the crystallization of the calcium 
. or Magnesium silicates formed by their mere presence in crystalline form. 

Since the base of all clays is kaolinite the action of this mineral as 
representing the hydrous silicates was examined and that of feldspar 
as representing the more complex anhydrous silicates. | 

For kaolin the following mixtures were made up into cubes and 
briquettes, using 5% of the same lime in each case for the mixture of 
tables VI and VII, but in table VIII 5% of a different lime was used. 

In tables VI and VIII the ratio of coarse particles to fine particles 
in the sand mix was 4 to 1 and in table VII 3 to 2, in IX, 2 to 1 and 
10% high-calcium lime; in X,2to land 10% dolomitelime. Hence the 
tables are not comparable with each other. However, in each table 
the only variable in the mixtures used is the amount of kaolin which 
was used to replace the flint or fine materials. Tables IX and X are 
the averages of a comparatively large number of tests. 


























Data :— 
Steam Pressure—150 pounds per square inch. 
Temperature in Hardening Cylinder—185° C. 
Time Exposed to Steam—10 hours. 
TABLE VI. 
Molding Pressure—10,000 pounds per square inch. 
: Composition of mixtures. | When tested. ge 
ARE | = am 
og SE A, | Akgaeaager | ater aging. | ater tresing. | EE 
i: 3 I : 
Rs E 5.5 wi fee, : ; . ; : 8% 
„ 3 @ £1 $ |3 5 Fe: 5 5 & | “ew 
2 : 32 | &| 2) 42 | 8 | df | af | 22 | a: | 932 
5 § he sg] € | S| Se] de | Se] ge a | de | ses 
2 ©@ Bü RR 2 |4a|6 & 5 E Ö ee |F 
85 4 1 | 2.5 5 | 2766 338 | 2449 194 | 2917 219 | 8.32 
86 4 1 | 5.0 5 | 2500 210 | 2376 277 | 2481 181 | 8.00 
87 4 1 |10.0 5 | 1943 | 184 | 1687 | 157 | 1910 | 121 | 8.50 
ss | 4 | 1 |20 0 5 | 1705 | 162 | 1325 | 138 | 1477 | 93 | 9.00 
TABLE VII. 
Molding Pressure—10,000 pounds per square inch. 
83 3 2. 203 5 | 3697 427 | .... ... | 3812 215 8.06 
89 3 2 5 | 2260 238 | 1846 187 | 2117 156 | 10.36 
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TABLE VIII. 
Molding Pressure—10,000 pounds per square inch. 




















Composition of mixtures, | When tested, | q 
— — ¢ 
8? 38 P t At ft | i 
See A toe? HL er Cent, f n alter # z =| 
" vs + L- quicklime, hardening, Altar BEIDE, After freesing. | ” 
» 122 | 53 Vr] © 
$) 22) 22] 3 — = 
3/85] 28] | s | 4|4 = a rt 
Pe 38 | of | ZB) sf | 23) se] 
Elz3l#3| > e | & | 3: | BE =: | we | #: FH 
a I ss | 35 ms 3 3 rofl 5a = x Fi .@ 5 u 
| By By Ay =] 5S | & a a o = a 
| 
93 112.5 5 | ...| 3835 351 | 3955 364 | 4502 352 8.62 
44 5.0 | Bi... | 3340 205 | 3342 175 | 3887 269 8.60 
TABLE IX. 
Molding Pressure—10,000 pounds per square inch. ° 
A*/ 2] 1]... | 10]... | 7745 | 487] .... | .... | 9007 | 371 | 8.62 
Ct 2 1 10 10 | .. | 5872 593 | .... .... | 6194 561 6.41 
*A is the average of tests Number 106, 107, 108, 109, 110 and 111. 
TC is the average of tests Number 118, 119 and 120. 
TABLE X. 
Molding Pressure—15,000 pounds per square inch. 
B*| 2 1]... ... | 10 |.5187§) 286 | .... | .... | 5853 314 9.11 
Dt} 2 1 10 | ... | 10 | 4429,| 445 | .... | .... | 4818 459 8.05 


*B is the average of tests Number 112, 113, 114, 115, 116 and 117. 
tD is the average of tests Number 121, 122 and 123. 


TABLE XI*. 
Molding Pressure—10,000 pounds per square inch. 


aa 5 | 2260 238 | 1846 187 | 2117 150 


soi 3]..| 2 
921 31.,.| 2 . | 20 | 4729 | 599 | 3780 | 506 | 5797 | 480 
83/3] 2 _| 5 | 3607 | 4271 .... |-... 13812 | ... 
9o| 3) 2 | 10 | 5607 | 503 | 5843 | 446 | 7525 | 417 





*Conditions Of manufacture same as Tables VI, VII and VIII. 


Conclusions on the Effect of Clay.— Reviewing the facts expressed in 
tables VI, VII and VIII, where the bricks were made under a pressure of 
10,000 pounds to the square inch, we observe that with each addition 
of kaolin there was a marked decrease in both crushing and tensile 
strength. This was most marked in table VII, where the proportion 
of flint was large, 3 coarse to 2 fine as in No. 83, and in No. 89 where 
all of this was replaced by kaolin. The decrease in crushing strength 
with the addition of 20 per cent. of kaolin was at least one-third. 

Tables IX and X, the blocks for which were made under a pressure 
of 15,000 pounds per square inch, tell a-different story. Here again 
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with the addition of kaolin there is a marked falling off in crushing 
strength, but in this latter case it is accompanied by a very decided 
increase in tensile strength. The effect of the pressure used in molding 
the block will be discussed under the topic of pressing. 

Coming back to tables VI and VII, we observe that No. 88, with 
20% kaolin, shows a very decided loss in strength after the freezing 
test as well as after aging for 35 to 40 days. This is also the case with 
No. 89, which likewise is very rich in kaolin. 

The increase in strength shown here after freezing will be discussed 
later in connection with the effect of freezing in general, on all’ kinds 
of sand lime bricks made. 

It was next thought that an increase of lime might overcome the ill 
effects of a large amount of kaolin and to test this point No. 92 was 
prepared and made under the same conditions as No. 89, excepting that 
20% of lime was added instead of 5%. This proved that an increase 
of lime did in a measure counteract the action of high kaolin. On 
comparing the figures of table XI, it will be noted that between 89 
and 92 there is a marked increase in strength, the tensile strength 
being more than doubled and that after the freezing test No. 92 
shows an increase in crushing strength while No. 89 shows a decrease. 
However, going further and comparing No. 83 with 90, which has no 
kaolin and in which the lime was only increased from 5 to 10% ,we 
see that there is approximately as much increase in strength for the ad- 
dition of 10% of lime as there was with 20% in the preceding case where 
kaolin was a large part of the mixture. Another very pertinent point 
to be observed is that the increase in strength after freezing is very 
much greater in the case Nos. of 83 and 90 than it is with Nos. 89 
and 92. 

Thus while an increase of lime does in a measure overcome the bad 
effect of a large amount of clay, we are safe in saying that any con- 
siderable amount of clay in a sand to be used in this industry is very 
undesirable, since to use enough lime to make it a safe product would be 
too expensive, and after all the product would not be the best in quality. 

From the preceding facts it would appear that clay up to 10 or 12% 
is probably not injurious, and possibly as small an amount as 2.5% 
might be desirable. 

Clay adds to the ease of molding since owing to its smooth, unctuous 
nature it acts as a lubricant and decreases the friction in the mold. 


The Effect of Feldspar.—The effect of feldspar was not examined 
in the same detailed manner that kaolin was, since it is not so common 
an ingredient in quantity. However, a number of blocks having 10% 
of feldspar in the sand were made under a presure of 15,000 pounds 
to the square inch. Only the average results of all the tests on these 
experiments are given under F in table XII, which also contains a 
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set (B) which is parallel in every way to the conditions of tables IX 
and X, except that 10% of feldspar was introduced in the sand used in F. 


TABLE XII. 


Data:—Steam Pressure, pur per square inch. 
Temperature in Hardening Cylinder, 185° C. 
Time ra See to Steam, 10 hours. 
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Conclusions.—In studying table XII a slight decrease in crushing 
and an increase in tensile strength is noted with reference to series B 
and F. After freezing, F increases in crushing strength, but not at the 
same rate as B. The marked falling off of the tensile strength after 
freezing is a disturbing factor, however. 


Efflorescence.—The mechanical tests given above would hardly 
bar a sand which carries as much as 10 per cent. of feldspar. But an- 
other objection is liable to arise, namely, the decomposition of feldspar 
by steam at a pressure of 150 pounds per square inch, resulting in 
the setting free of potash or soda. This is the more likely to occur 
since some preliminary experiments have shown the writer that feld- 
spar is really decomposed to some extent by steam at a high pressure. 
Since the alkalies are soluble in water the danger of efflorescence or 
scumming would be considerable if any appreciable amount of the 
feldspar present should be attacked by the lime. Until it has been 
proven that feldspar does not produce scumming due to the crystal- 
lization of soluble salts on the surface the writer would not advise the 
use of a feldspathic sand if it were desired to produce a first-class prod- 
uct and when working with a high steam pressure. 

If on the other hand the feldspar molecule opened up and united 
with calcium oxide and silicic acid to form a more complex and an in- 
soluble silicate, there would be no danger from efflorescence and we 
should have a stronger brick for each unit of calcium oxide used in 
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this reaction. The results of the tests made suggest, however, that this 
complex silicate is not built up, since the brick with feldspar were slightly 
weaker rather than stronger. . 

A preliminary experiment showed that quartz was attacked more 
readily by lime than feldspar was under similar conditions, ;. e., 150 
pounds steam and ten hourstime. From this we might infer that 
sands rich in feldspar could be worked safely by keeping the steam 
pressure down to 120 pounds or lower and by not allowing it to remain 
in the cylinder any longer than is necessary to react with enough quartz 
for producing the required bond. By working in this way it is probable 
that not enough feldspar would be broken up to give any trouble later on. 


The Effect of Dehydrated Kaolin.—On account of the hydraulic 
properties developed by mixtures of weakly ignited kaolin and caustic 
lime under ordinary atmospheric conditions, it was considered advisable 
to test their behavior under high pressure steam. 


TABLE XII. 


Data:—Steam Pressure, 120 pounds per square inch. 
Temperature in Hardenin linder.—180° C. 
Time Exposed to Steam, 8 hours. 
Molding ure, 15,000 pounds per square inch. 
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It is readily seen from table XIII that nothing is gained by the 
use of dehydrated kaolin, since the blocks made with ground flint or fine 
sand under the same conditions of manufacture developed double the 
strength shown by mixtures containing it. 


THE LIME. 


Quantity Required.—The first point to receive consideration in 
connection with lime is the question of quantity needed for the reaction. 
In practice, the amount used varies from 5 per cent. as a minimum 
to about 10 per cent. as a maximum. In order to determine the de- 
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sirability of using larger or smaller amounts of lime, it was necessary 
to show whether increases in strength follow increases in lime, and if 
so whether the increases are proportional. To clear up these points 
the following series of experiments were made, as shown in Tables XIV 
and XV. 

TABLE XIV. 


Data:—Steam Pressure, 150 pounds per square inch. 
Temperature in Hardening Cylinder, 185° C. 
Time to Steam, 10 hours. 
Molding Pressure, 10,000 pounds per square inch. 
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Studying Tables XIV and XV, we observe that in Table XIV, where 
dolomite lime was used, an increase in lime was coincident with an 
an increase in strength, but while the quantity of lime was doubled, 
the increase in strength was only a little over 50 per cent. However, 
after freezing, the sample high in lime shows an increase in strength 
of almost 100 per cent. This increase is probably mainly due to the 
changing of the small amount of free lime which is usually present 
to carbonate by the carbon dioxide in the water which was used to thaw 
out the bricks after each freezing. The larger the quantity of lime 
used in the mixture, the larger will be the quantity which is not con- 
verted into calcium silicate in the process. 

In Table XV a high calcium lime was used and offers a comparison 
between the extremes of high and low lime. Thus in No. 97, eight 
times more lime is used than in No. 84 and it is shown that with an 
eightfold increase in lime, only a threefold increase in strength was prod- 
uced. 

We might hence conclude from the results, that while there is 
an increase in strength with an increase in lime, this increase is less 


STATB GEOLOGIST. 37 


marked the higher the lime becomes and that the strength gained by 
an addition of lime beyond ten per cent. would not justify the additional 
expense. For this reason we may make the statement that the pro- 
portions used in practice represent good economical conditions. 

It should be stated here that the per cents. of lime given through- 
out this paper are based on the raw sand as unity. That is, 5 per cent. 
of lime means that to 100 pounds of sand 5 pounds of the dry oxide or 
its equivalent was added. 


Kind of Lime Required.—Having decided on how much lime we 
should use, the next questions which presents themselves are: Will 
some particular type of lime serve our purpose better than others? 
Will a hydraulic lime be as good or better than a pure lime? Will a 
lime made from dolomite be as good as one made from a high calcium 
limestone” . | 

In view of the fact expressed in table XIII that lime and dehydrated 
kaolin do not develop any strength under high pressure steam we 
would infer that steam under pressure is not conducive to the develop- 
ment of the hydraulic properties of a hydraulic lime. We would there- 
fore expect that the calcium silicate of such a lime would be inert so 
far as the development of immediate strength in a brick is concerned. 
This may be due to the lack of moisture, since hydraulic lime shows 
its best strength in contact with water. The hydraulic properties 
of a lime might develop slowly after manufacture of the bricks and 
after a longer period, perhaps at the end of a year they might show 
great strength, especially if the brick were in contact with water. This, 
however, is still an open question. 


Pure limes, carefully burned, are naturally considered the best, since 
for each unit of weight we have available a greater proportion of the 
active calcium or magnesium oxide the purer the lime stone is. 


Aside from the preceding considerations, we have in most States, 
two distinct types of limes. In some localities both are available at 
approximately the same cost, in others there would be a marked differ- 
ence in price. One of these limes is known as high calcium, high carbon- 
ate, hot or gray lime, and is made from a limestone carrying from 85 to 
100 per cent. of calcium carbonate, some magnesium carbonate being 
present frequently. The other variety is known as white lime, dolomite 
or lean lime and is made from dolomite or dolomitic limestones which 
at their best carry about 42 to 44 per cent. of magnesium carbonate 
and 56 to 58 per cent. of calcium carbonate. Thus a molecule of each 
carbonate is present in a joint molecular structure. Many magnesian 
limestones containing from 15 to 30 per cent. of magnesia are also found, 
but are not esteemed so highly as white limes for most purposes. 


To test the relative value for the sand-brick reaction of these well 
marked commercial varieties of lime, the following tests were undertaken. 
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TABLE XVI. 


Data:—Steam Pressure, 150 pounds per square inch. 
Temperature in Hardening Cylinder, 185° C. 
Time Ex to Steam, 4 to 14 hours. 
Molding Pressure, 15,000 pounds per square inch. 
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Twelve blocks were tested in A, and an equal number in B, all made 
in exactly the same manner, with the exception that in A a high-caleium 
lime was used, and in B, a white or magnesian lime was used. 

The differences shown in Table XVI are very marked, the use of 
dolomite lime resulting in a loss in strength, both crushing and tensile, 
of more than one-third. Another noticeable fact is that the water 
absorption is greater in B than in A. Why the dolomite limes give a 
weaker brick is still an unsolved problem. Since MgO is at least equally 
active as CaO in attacking SiO,, we can only infer that the magnesium 
silicate formed is a much weaker bond than the calcium silicate. This 
is also supported by the fact that there is also more combined water 
in brick made from sand and dolomite than in those made from sand 
and high calcium or hot lime. 

It is evident therefore that the high calcium or hot limes should 
receive the preference in selecting materials for this industry, where 
both types of lime can be laid down at the plant at the same cost. 
There are two reasons as is clearly indicated above, 4. e.. it is easier to 
procure complete hydration, and the resultant product is stronger for 
each unit of lime used. However, in localities where dolomite lime is 
cheaper than hot lime it might be desirable to use the former. 


PREPARATION OF THE RAW MATERIALS. 


Now that the requirements which raw materials must possess in 
order to be satisfactory have been set forth the next step will be to 
determine what preparation they will need. 


The Sands.—Beginning again with the sand, if our source of sup- 
ply is a soft sand rock it will need to be crushed and the individual 
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sand particles separated. The question of the machinery best adapted 
to this purpose will depend to some extent upon the nature of the rock 
to be reduced. If we have to deal with.a sand obtained by dredging, 
it will usually be quite wet and must at least be partially dried, since 
a large amount of water is undesirable in the mixture. The degree 
of drying necessary will be dependent upon the subsequent treatment 
prior to pressing. , 

In case of the presence of too much clay or of soluble salts 
deposited by sea-water, as would probably be the case with seashore 
sand, it would be necessary to roughly wash the sand. In the first case 
the clay is floated off and in the second case the salts are again taken 
into solution and thus removed. The arrangement for accomplishing 
this result will depend almost entirely on local conditions. Again 
if the sand does not contain any very fine quartz it will be necessary 
to- pulverize a small portion of it. For this purpose a tube or ball mill 
is very desirable since these machines produce a product of very great 
fineness. The Griffin mill is also a very satisfactory apparatus for the 
purpose. However, in many cases it will not be necessary to resort 
to this fine grinding, as the sand frequently contains enough of this 
finer material. 


Roasting the Sand.—In foreign countries it has been claimed by 
a few persons that it is advantageous to roast the sand. The advocates 
of this procedure claim that chemical combination is rendered more 
rapid and complete by giving the sand a preliminary roasting. It is 
doubtful if the activity of the sand is increased sufficiently to justify 
this additional expense, but the exact value of roasting the sand remains 
yet to be determined. 


The Lime.—Assuming, that we have a comparatively pure lime, 
properly burned, it must be hydrated, or, in popular terms, it must 
be slaked either before adding the sand or in connection with its in- 
corporation into the sand. Owing to the slow slaking properties of 
magnesian limes they could not be safely used unless they had been 
slaked prior to the addition of the sand. The slaking of the lime and 
the incorporation into the sand mix involve the main differences be- 
tween the various processes or systems in use. The essential feature 
of each system is generally the use of some special piece of machinery 
or some special manipulation, for this purpose. 


Slaking.—The slaking of lime is in one sense a very simple pro- 
cess, consisting in the addition of water to calcium oxide, or a mixture 
of calcium oxide and magnesium oxides, which enter into chemical 
combination with a certain proportion of the water. One would hardly 
suppose that so simple and well known an operation should form the 
ground for the issuance of a large number of patents. Such is the case, 
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however, both in this and in foreign countries. This is probably due 
to the fact that a chemical reaction is involved and in many cases a 
reaction will not complete itself except under certain conditions. This 
is in a large measure true with the slaking of lime. Too much or too 
little water will yield an inferior product. 

Most of the patents, however, are for methods or machines which 
utilize the heat generated in hydration to dry out any excess of moisture 
and leave a product which is easily handled and stored without loss 
to its activity. 

While there are a large number of lime slaking processes which 
differ from each other only in detail of manipulation, there are in reality 
only two distinct procedures: 

1. The time honored method of slaking to a putty with a slight 
excess of water. This is used either in the putty form or after drying 
and grinding. 

2. The other which slakes to a dry powder. This is accomplished 
by adding only a little more water than will be chemically combined, 
so that the excess will be removed by means of the heat generated on 
the hydration of the oxides. The resultant product usually carries 
a little less water than that called for by theory, yet there seems 
to be no heating or expansion after the subsequent addition of water 
in using it. 

The limes prepared by one or the other of the preceding processes 
will, in the nature of the case, govern the subsequent handling of the sand 
to a considerable degree, since one is 4 tough, plastic, sticky mass and 
the other a dry powder. However, the method of slaking should be a 
function of existing conditions, and that method should be selected which 
will best adapt itself to the process which has been decided upon for good 
reasons. In order to make this clear we will cite one or two specific cases. 

Case 1. Wet sand. We will assume that we are dealing with a 
wet sand. If it were quite wet we would dry some of it and add the un- 
slaked lime to the wet portion, provided we had a high calcium lime to 
work with, correcting the moisture by adding sand, wet or dry, and lime 
as the case might require. 

Case 2. Moist sand. Slake the lime to a putty and mix with the 
sand. This has its drawbacks on account of the extreme difficulty of 
getting a small amount of tough sticky matter distributed evenly through- 
out a mass of quartz grains. In the opinion of the writer, however, it 
has the great advantage of requiring less pressure in the die of the 
machine to develop the maximum strength than is required by the dry 
process. The writer is inclined to believe that the increased cost of mixing 
“ would more than cover the expense of drying the sand. If the lime is 
to be used in the putty state it will always be found advantageous to work 
up all the water that is to be added to the mixture into the putty first, 
making the lime into a slurry or slip and thus facilitating distribution. 
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But if there is much water in the sand, the water left to be added to the 
lime is so small that it does very little good. 

Case 3. Dry sand. This is the easiest to operate, since the dry 
sand and the dry hydrate or dry ground quicklime can be readily mixed 
to a fairly homogenous mass and the water can then be incorporated with- 
out difficulty. The water will be distributed still more uniformly if after 
the mixing the whole mass is allowed to stand in a bin or pile for a short 
time. While standing in a pile or bin does undoubtedly unify the 
moisture distribution, practice seems to indicate that it is unnecessary 
and frequently troublesome owing to the tendency to cake together in 
the bin or silo. A number of plants which originally used a silo system 
have abandoned that phase of practice in the process of manufacture. 

The facility with which a uniform mixture can be produced from 
the dry ingredients led us to adopt case three as the means of preparation 
for all the materials used in our experimental work. 

In the work intended to determine what requirements a good brick 
press suitable for this industry would have to fulfill, material prepared 
according to case three above was used. The results obtained will therefore 
apply strictly only to that class of materials. However, the writer feels 
that any press which is satisfactory for case three, will answer all the 
requirements for any of the others. 
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CHAPTER IL. 


THE PRESSING AND HARDENING. 


PRESSING. 


The writer did not agree with the popular belief that the harder a 
brick was pressed the denser it would be, or rather it was felt that there 
was a limit beyond which the increase in strength of the brick would 
justify the additional cost of construction and operation of the press. 
In order to arrive at some idea in regard to this property of sand-lime 
mixtures, blocks were first made on a screw hand-press, such as is used 
for making encaustic tile, by applying several successive pressures. After 
hardening, these blocks were crushed and compared with duplicates 
made with one pressure. The repetition of the pressures gave a very decided 
increase in strength. It also indicated that insufficient pressures were 
being obtained. Since it was not possible to control accurately the pressures 
generated in a machine of this type, the screw hand-press was abandoned. 
Its place was taken by a press, improvised from a Tinius Olsen testing 
machine; the die was filled, and the top and bottom plungers inserted, 
and then placed between the two plates of the machine, which was ad- 
justed for crushing work. By this means, the plungers would be slowly 
forced towards each other, compressing the charge in the die to any desired 
extent. The conditions as regards regulation of pressure and studying 
the compression and expansion of the material under treatment were 
ideal. 

From the moment of inertia of the head-wheel and the pitch of the 
screw of our hand-press it was calculated roughly that we were getting 
a pressure of from 5,000 to 7,000 pounds per square inch. We therefore 
took 5,000 pounds per square inch as the starting point of the tests made 
on the Olsen machine and made a series of blocks, using 5 per cent. of cach 
type of lime and the same sand mixtures, and employing pressures of 5,000, 
10,000, 15,000 and 20,000 pounds to the square inch. All these blocks 
were hardened in steam at 150 pounds pressure, for ten hours. The blocks 
were then subjected to crushing tests. 

The results of this work are plotted on Plate I. The loads at which 
the test blocks crushed are shown by the ordinates and the pressures em- 
ployed in the manufacture by the abscissae. All values are expressed 
in pounds per square inch. The two lower curves illustrate this group 
of results. It is seen in both cases that the highest crushing strength 
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is obtained at a brick-press pressure of about 15,000 pounds per square 
inch with a slight falling off at 20,000 pounds. 

Realizing the importance of this determination, it was thought, since 
the intervals were 5,000 pounds to the square inch, that, although the 
curves seemed regular and pointed pretty closely to 15,000 pounds as the 
best pressure, the most desirable pressure might be on one side or the other 
of this figure. For this reason a new set of test blocks was prepared 
with different intervals. It was evident from the first curves that it 
was not necessary to go below a pressure of 10,000 pounds to the square inch. 
This set, as shown in the two upper curves of plate I, began with a molding 
pressure of 10,000 pounds and was increased by increments of 2,500 pounds 
to 20,000 pounds per square inch. Ten per cent. of a high calcium lime 
was used in one set, and ten per cent. of magnesian lime in the other. 
The upper curve, No. 4, represents the blocks made from the high calcium 
lime, and the second curve, No. 3, the magnesian lime. Duplicates of each 
kind were made at each pressure. 


Here again in the upper curve, No. 4, the highest point is found at 
the 15,000 pound pressure and just a little lower for the 20,000 pound, 
with a marked depression at 17,500 pounds. The second curve, 
No. 3, is a very irregular one, with 10,000 and 15,000 pounds on a straight 
line and 20,000 only a trifle stronger, with depressions at 12,500 and at 
17,500. Making a smooth curve, as indicated in both by a dotted line, 
taking 15,000 pounds as high point and averaging through, we obtain 
curves almost parallel with the two lower curves. 

The writer would like to see more extensive tests made on this point, 
reducing the intervals of pressure to 1,000 pounds per square inch. How- 
ever, it seems that there is sufficient evidence to enable us to say that 
the best pressure is close to 15,000 pounds to the square inch. 


It requires a pressure of about 75 pounds per square inch of surface 
exposed to the sides of the molds to start a brick out of the mold, when 
the latter is made of cast iron, after a pressure of 15,000 pounds per square 
inch has been applied. This of course will be much less with hardened 
steel linings. This reduction in the friction will also slightly lower 
the pressure necessary in pressing. When low pressures are used 
the top and bottom are harder than the center and the difference when 
using soft molds is sufficient to be readily observable. 


This work should furnish some suggestions for the dry-press brick- 
machine manufacturers, and it would be desirable if the same points 
were taken up in regard to the dry pressing of clay products. 


Behavior of Loose Powder in Mold.—The next consideration was 
the behavior of the loose powder in the mold. The same mixtures were 
used as in the preceding case, namely, 2 parts of coarse and 1 of fine 
sand with 10 per cent. calcium oxide (CaO) added in one case, and 10 
per cent. dolomitic lime (CaMgO) in the other. 
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The curves of Plate II show the facts as taken from the Olsen auto- 
graphic plate. Measurements were also made of total compression and 
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length after the pressure was removed. These were almost identical 
for both cases at the various pressures, 5,000, 10,000, 15,000 and 20,000 
pounds. The elasticity or expansion shown was greatest at 15,000 and 
17,500 pounds, least at 20,000 pounds. The difference was only from 
0.01 to 0.02 of an inch. 


The curves shown in Plate II cannot show the recoil at any pressure 
except the maximum, but do show the rate of compression for any 
pressure. The longest curve was evidently due to not getting so much 
material into the mold, since it compressed beyond the point it should 
have reached, giving a curve parallel to its duplicate. Compression to 
61.3 per cent. is accomplished with practically no load and from that 
point on the load increases very rapidly with each shortening of the 
block. The compression is less than 0.01 inch per inch of length for the 
addition of 5,000 pounds to 15,000 pounds. The total compression was 
40.9 per cent. at 20,000 pounds, springing back to 42.9 per cent. as final 
size. The curves produced when the calcium oxide was replaced by 
dolomite lime were so near to duplicates of the above as shown in Plate 
II, that it seemed unnecessary to reproduce them. The behavior of the 
two mixtures in the mold was almost identical. 

For different mixtures of sand the compression will no doubt be some- 
what different, but will probably follow nearly the same curve, taking 
the load very rapidly after a pressure of 2,500 to 3,000 pounds is reached. 


46 ANNUAL REPORT 


The press will be considered further under the head of mechanical 
equipment. 
THE HARDENING. 


Hardening Kettles.—In this connection the writer wishes to urge 
on all prospective builders of plants the necessity of careful and safe con- 
struction of the device for holding the head of the hardening kettle. Where 
accidents have occurred it has usually been due to some defect at this 
point. The manner of fastening the bolts to the boiler should be carefully 
looked into and no chances taken, since loss of life and destruction of prop- 
erty are sure to follow any carelessness in this direction. 

It was known that good strong brick could be made in ten hours 
with a steam pressure of 150 pounds per square inch. It was not known 
to the writer how much less pressure would do the desired work. Nor 
was the relation between pressure and time of exposure known; ?. e., whether 
a shorter exposure at high pressure would do the same work as a longer 
exposure at lower pressure and vice versa. In order to obtain data on 
this point, experiments were made as shown in Table XVII. The pressure 
used in making the blocks was 15,000 pounds per square inch, through- 
out. 





TABLE XVII. 
- Steam Pressure, 150 Pounds. 
| A B | C D E 

a 
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Steam Pressure, 120 Pounds. 


6989 | .... | 5989 | .... | 5403 | .... | 4300 | .... | 5760 
8 8545 6038 | .... | 5868 | .... | 5142 | .... | 6718 





Steam Pressure, 100 Pounds. 


4 6385 | .... | 5921 | .... | 4280 | .... | 4048 | .... | 4588 
8 7566 | .... | 6507 | .... | 5564 | .... | 4456 | .... | 6544 
12 7494 | .... | 5753 | .... | wee. | >... br... Po wee bonn. 
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The main result arrived at was that four hours at 150 pounds steam 
pressure is sufficently long for making good bricks while 6 to 8 hours are 
required at 120 pounds, and 8 to twelve hours at 100 pounds. 

The samples which contained 10 per cent. of feldspar (F) showed a 
marked increase in strength in each case where the time was longest. 
This fact is noted since it suggests that long exposure in steam probably 
results in the final breaking up of the feldspar and in case it did so might 
produce efflorescence owing to the setting free of the alkalies. Also, know- 
ing this fact, it might probably be desirable not to hold a material contain- 
ing much feldspar in the kettle any longer than necessary. 

It is probably general practice to use 120 pounds steam pressure 
and to maintain it from 8 to 10 hours. In the light of the experiments 
made by the Survey this is good practice. It usually takes about one 
hour to get up the pressure and another to blow off and cool down suf- 
ficiently for removing the cars. The time required to raise the temper- 
ature will, of course, depend on the steam capacity of the plant, the size 
of the inlet pipe, etc. If the pipes are large enough and there is sufficient 
steam capacity, the temperature can be safely brought up very rapidly. 
The writer has put green brick into the experimental kettle described 
in the beginning of Chapter I, at a temperature of 130° C., and in about five 
minutes turned on the steam, bringing the pressure up to 150 pounds in ten 
minutes more without any apparent injury to the bricks. However, the 
brick on which this test was made carried only five per cent. of moisture. 
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CHAPTER IV. 


TESTING. 


The testing of the products was in the main mechanical. However, 
chemical methods were tried in a number of cases, and enough results 
were obtained to show how much dependence may be placed on this 
method as an indication of the quality. 


Crushing Strength.—The mechanical test is always best whenever 
it is feasible to make it. The results appeal more strongly to the public 
even if the chemical tests were equally accurate, which is probably not 
the case, since the physical structure of the mixture has a decided influence 
on the strength, regardless of the amount of bonding material. An auto- 
matic, autographic, Tinius Olsen testing machine, driven by power, 
was used for all tests. 

The autograph was only used once on each type of material, since 
more satisfactory and rapid work could be done without the autographic 
attachment on the machine. A ball and socket head piece was used, as 
well as pasteboard, to take up any unevenness of the blocks in all cases, 
except those on which curves were to be taken. 


The crushing strength and tensile strength was determined in each 
test. Two to three blocks were crushed in most cases, and the average 
reported. For the tensile strength, when two were pulled, the average 
is given. Every brick made was tested, so that the results represent 
the whole knowledge gotten, and not merely the best results selected 
out from a number. 

A few of the bricks made were set away in a dry room for deter- 
mining the effect of age. These were duplicates of bricks which had been 
tested, so that by comparison any material change could be observed. 
There was no marked change in strength after forty days’ exposure to 
dry air, except in the specimen carrying 20 per cent. of kaolin. This test 
piece showed considerable weakness. If these brick had been moistened 
from time to time they would have shown increased strength. This is 
due to the fact that carbon dioxide acts very slowly, if at all, on dry calcium 
hydrate. The above test is of no special importance unless it were carried 
out for several years, at least, and on a large number of samples. 

The appearance of the cubes after coming from the crushing test 
is well shown in Figure 3, below. The sharp brittle fracture shows 
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that the material broke like a good natural rock does. The lower row 
of rounded masses were cubes made with sand and lime mortar. They 
developed low crushing strength, as their appearance indicates. 
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Figure 3.—Sand-iime cubes after crushing test. 





The Freezing Test.—This test was made a very severe one. Dupli- 
cates of the blocks which had been tested were used. The brick used in 
the freezing test were made under exactly the same conditions as those 
which were tested under normal conditions. They stood about two 
weeks after hardening, before they could be frozen. 

The test was carried out in the following manner: The lot of blocks 
to be tested were weighed, dried at 110° C., weighed again, then soaked 
for 48 hours in water and finally weighed once more. The water absorbed 
was figured in per cent. of the dry weight of the brick. They were then 
placed, while still saturated with water, on a rack and lowered into an 
ice can which was anchored firmly in the freezing brine. The temperature 
of the brine ranged from 12° to 15° F. They were frozen to the center 
in less than four hours, but were never taken out in less than that time. 
In this fully frozen condition they were lifted out and dropped at once 
into another can containing water at a temperature of 95° to 105° F. and 
thawed out completely. The interval required was less than two hours— 
but this much time was always allowed. They were then lifted from this 
can and while still wet dropped at once into the freezing receptacle. 
This alternate freezing and thawing was repeated 21 times on all blocks 
tested. 

As a matter of curiosity, three cubes were put into distilled water 
and the water was then frozen solid; this treatment was repeated several 
times. The cubes showed no sign of breaking down at the end. These 
were not tested. 

The material after this severe treatment was further abused by being 
dried out at a temperature of 125° C., after which it was tested. 


4—Bul. 5-8. G. 
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Quite a number of results have been given in the tables VI, VII, 
VIII, 1X, X, XI, XII, XIV, XV and XVI in such a way as to compare 
frozen with unfrozen material, and the facts have in a measure been 
brought out prior to this statement. 


The blocks, almost without exception, as is seen by going over 
the tables, showed a marked increase in crushing strength, and in some 
cases an increase in tensile strength as well. Usually the tensile strength 
was slightly less, if any material change in the crushing strength had 
taken place. However, we did not always have duplicates on the 
frozen briquettes. 


The reason of this increase in strength must be due to one of two 
causes: 


1. The lime was not all combined with silica (SiO,) and this un- 
combined lime took up carbon dioxide (CO,) from the water in which 
they were thawed out. This is very likely from three reasons. First, 
the calcium is seldom completely converted into silicate except 
when using very small quantities of lime such as 2 to 3%. The higher 
the per cent. of lime used the greater will be the amount as a general 
rule which is not transformed to the silieate condition. Since 10% of 
lime was used in most of the samples examined, it was certain that 
some lime would be present in some form other than as a silicate. The 
most probable form for this lime would be the hydrate: Second, — 
the water was drawn from a deep well near Columbus, Ohio, and I 
know from previous experience that these waters are rich in calcium 
and magnesian salts, and also carry much carbon dioxide in solution. 
Third, the specimens which were highest in lime showed the greatest 
increase in strength after freezing. 


2. In case the calcium hydro-silicate formed has hydraulic pro- 
perties (which I doubt), these properties would be developed by con- 
stant soaking in water and would naturally result in the development 
of more strength. I think, however, if the strengthening action were 
of a hydraulic nature, it would be most marked in the tensile strength 
rather than the reverse. 


CHEMICAL METHODS. 


The first work done was to see whether the determination of the 
percentage of silica rendered soluble by the steam treatment in harden- 
ing, gave any light on the strength of the product. It might very 
naturally be assumed that high per cents of soluble silica, where none 
existed before, would indicate the formation of a hydro-silicate bond 
in large quantity and this again would indicate strength. The results 
of this test are also shown in the following table: . 
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TABLE XVIII. 
Crushing strength | Tensile strength Soluble silica | Per cent. water 
Number, | pounds ge | Pounds per per cents, absorption. 
89 2260 238 1.57 10.36 
90 5607 503 3 .66 9.87 
92 4729 599 4.09 10.91 
87 1943 184 1.77 8.50 
110 7514 337 3.10 8.80 
116 250 3.17 9.01 
120 6165 556 4.01 6.01 
123 4543 434 3.46 8.27 
126 4924 349 4.07 7.34 


The table above makes it clear that neither the amount of 
soluble silica, nor the degree of porosity, can serve as a true guide 
to the strength of sand-brick. The soluble silica could be used merely 
as an indication. The writer would be afraid of a sand-brick which 
did not have at least two per cent. of soluble silica, no matter how 
well it might appear. | 

The second test on chemical lines was to determine, if possible, 
the nature of the hydro-silicate which is formed between the lime and 
the sand, and which forms the bond of the artificial stone. A number of 
the different briquettes were treated with dilute hydrochloric acid 
and sodium hydroxide, on the general method used in the rational 
analysis of clays. The substances taken into solution would naturally 
be, Ist, free calcium oxide, hydroxide, or carbonate; 2d, calcium hydro- 
silicate formed in the hardening process; 3rd, soluble silicic acid, not 
combined with calcium or other bases; 4th, ferric oxide in the original 
materials. The solutions obtained in this manner were then analyzed 
in the usual manner with the following results: 


TABLE XIX. 


Analysis of the Portions of Sand-lime Bricks Soluble in Hydrochloric 
Acid and Sodium Hydrate. 


Number............... 75 76 110 116 | 120 | 123 126 
Silica (SiO,) .......... 2.59 | 2.71 | 3.10 | 3.18 | 4.02 | 3.47 | 4.08 


Alumina—Ferric Oxide..| 0.32 | 0.14 | 0.25 | 0.15 | 1.63 | 1.38 | 0.44 
Calcium Oxide (CaO).. | 3.90 | 2.69 | 6.30 | 4.81 | 5.57 | 4.94 | 4.87 


Magnesia (MgO)....... 0.21 | 1.01 | 0.97 | 1.91 | 0.81 | 2.87 | 1.66 
Totals................| 7.02 | 6.55 |10.62 (10.05 [12.08 [12.66 [11.05 
Press Pressure........-| 10,000] 10,000] 15,000) 15,000] 15,000] 15,000| 15,000 
Steam Pressure........| 150 150} 150 ! 150] 150 | 150 | 150 


Hours Duration of 
Steam Treatment. .| 10 10 12 12 12 12 12 
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Numbers 120 and 123 contained clay in their mix, and No. 126 
contained feldspar. The evidence furnished by this table is insuf- 
ficient for a determination of the constitution of the bonding material 
in sand brick. It is, however, suggestive and points to a bi-calcium 
and a bi-magnesium silicate. Calculating on this basis, the samples 
low in lime have an excess of soluble silica, and the ones high in lime 
an excess of lime. A large number of analyses, including a determination 
of the combined water and the carbon dioxide, and the free lime will 
be necessary before any safe conclusion can be reached as to the exact 
constitution of the bonding material. Thin sections under the micro- 
scope will also likely aid in identifying the silicate formed. 
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CHAPTER V. 


PROPERTIES OF THE PRODUCT. 


Concerning the quality of this new artificial stone, the question arises 
in the mind of many: “Is it of any value to us?” “Will it fulfill our 
requirements for a safe and desirable building material?” In the writer’s 
opinion this question should be answered in the affirmative. Reference 
to tables IX, XII, XVI and XVII shows that abundant evidence is 
offered that not only a strong but also a durable material can be produced. 
Crushing strengths as high as 8500 pounds per square inch, with averages 
of 7,700 pounds, and tensile strengths of 550 pounds per square inch, with 
averages above 425 pounds per square inch, are shown. Further, the 
strength is shown to be greater after exposure to frost and weather, rather 
than weaker. It may be objected by sceptical persons that these results 
were not obtained in a regularly manufactured product, but merely in 
small two-inch cubes, made under conditions which cannot be duplicated 
in commercial practice Reference to the conditions of manufacture show 
that in size of product only does this test material differ from that of com- 
mercial plants. In kind of materials employed, in proportions of the 
ingredients, in methods of mixture, in amount of mechanical pressure, in 
temperature and pressure of steam, in duration of steam treatment, the 
conditions were made to conform to practice in existing plants. Natur- 
ally, these conditions were varied, in order to learn the effect of variations, 
but this in no way diminishes the credibility of evidence gotten in the reg- 
ular way. It was not possible, with the apparatus available, to make and 
study full size material, but there is less likelihood of differences in struc- 
ture due to differences in size, in sand-lime brick than in any other ma- 
terial of which brick are made, as the mixture is practically non-plastic, 
and granular, and packs under pressure to a dense, even body of great 
homogeneity. It seems, therefore, that very little abatement need be 
made in the quality of the results from the small size of the bricks made; 
in fact, commercial sizes should give better results instead of worse. 

These tests show what can be done by this process. 

The following may be cited as an evidence of what is actually being 
done in a commercial way. 

On a sample made in Germany, by the Stahl and Eisen Actien-Gesell- 
schaft, Hoerde, Germany, from materials which were not the most desir- 
able, an analysis by rapid methods gave: 
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84 per cent. S10, (sand and soluble silica ). 


2 per cent. Fe,O,+-ALO, 
7 per cent. Ca 
per cent. MgO low. 


93 per cent. 
7 per cent. Balance is made up of MgO, H,O, CO, and alkalies. 


When three grams were ground fine and treated with a large amount 
of water, only a trace of lime was found in the water. 

The water absorbed on standing over night is 9 per cent. <A small 
piece was soaked in water, frozen and thawed three times. It was thawed 
out the last time on the laboratory hot plate at about 250 degrees C. The 
writer could observe no evidence of damage by frost,except when it froze 
fast to a sandstone window-sill, and broke off a little when wrenched loose. 
After thawing out, and while still wet, a blast lamp was turned directly 
onto one small piece of it, which was brought up rapidly to a bright red 
heat, and held there for fifteen minutes, and then finally plunged into cold 
water. This last procedure destroyed the bond on the surface, but did not 
affect the interior. A block sawed from this brick and crushed showed 
a crushing strength of 4,210 pounds to the square inch. 

Further in a paper given by Herr G. Beil, of Aschersleben, at a meet- 
ing of the Kalksandstein Society in Berlin, March, 1901, the following 
results are given as coming from The Koenigl. Mechan-technischen Ver- 
suchsanstalt, at Charlottenburg, Germany. 

Seventy brick, representing 7 different products, were soaked in 
water at 12° to 15° C., frozen for four hours, then placed in warm water 
three hours. All were pronounced sound at the end. 

Also the following list of tabulated results (published in Vol. 25 Ton- 
Ind. Zeit., 575) is of interest: 


TABLE XX. 


Absorption Crushing strength, in pounds per square inch. 


| 
| 
| Amount of water taken 
i 
| 





Dry brick. | After freezing. 


up by dried sample, after | Water soaked 
125 hours soak, in per | brick. 
cents of dry weight. | 
| 
] p te 12 1903 1704 2229 
2 4 3.3 14 2073 2215 2300 
3 Re 5 © 9 3933 4189 4260 
4 = ag 10.6 1846 1732 2187 
5 un 3710 3238 
6 “ 850 1335 
3 ea 
6a 7 
3 Fe 1353 1747 
7 A | 18.3 1335 1193 1562 
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This shows that the crushing strength is not, in most cases, decreased 
by freezing. Crushing in the wet condition produces a slight decrease, in 
some cases. 

In the Ton-Ind. Zeit., Vol. 25, p. 1660, the following tabulated results 
are to be found: 

Swedish brick, tested at Gothenberg by the same method as in the 
above Table XVIII. 











TABLE XXI. 
58 a a So so 
EE 8 o 5 . FE i. 
"Kind of brick (all lime-sand,. é . ef g 3 2° rs 
SE: E ep | #5 | m 
2s 26 ES 533 5 
on < & A 2 
1. Smooth, gray-white..... 2.51 1.74 13.1 30.5 10 
2. Yellow-brown to red. ..| 2.46 2.10 13.6 14.6 10 
3. Smooth, gray-white..... nn ee eee 4 
4. Brown-red............. 4 
| CRUSHING STRENGTH IN POUNDS PER SQUARE INCH. 
Dry. Wet. Frosen repeatedly. 
Max. | Min. | Mean. | Max. | Min. | Mean.| Max. | Min, | Mean. 
1. Same as above......... 1732| 1221| 1548| 1590} 1037| 1321| 1491| 724 | 1193 
2. Same as above......... 1463| 753| 1108| 1448| 636) 980| 1164| 923 | 1008 
3. Same as above......... 2741| 1519| 2286| .....|..-- 1... 12222. 12222122... 
4. Same as above......... 2158} 1235| 1562).....).....]/.....].....]..- 20] ee eee 


The process of manufacture of these bricks was not stated. This 
again shows a slight decrease in crushing strength after repeated freezing. 

Mr. Brown, of Coldwater, Michigan, has obtained tensile strengths as 
high as 650 pounds, but gives as an approximate average for bricks made 
with 10 per cent. lime, from 400 to 425 pounds. He thinks the maximum 
tensile strength is obtained with very fine sand and about fifteen to twen- 
ty per cent. of the hydrated dolomite lime equivalent to nine to thirteen 
per cent. of the oxides. 

A two-inch cube made by Mr. Brown from finely ground sand and 
dolomite lime, gave a crushing strength of 5730 pounds to the square inch 
when crushed in the mechanical laboratory at Ohio State University. 

Still further data are furnished by the following certificates of testing 
sand lime brick at Zurich, Switzerland, and Boulogne, France: 


gr 
or) 
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TABLE XXII. 


A. RESULTS OF CRUSHING TESTS OBTAINED AT THE ZURICH LABORATORY. 





Condition of bricks. | Dry. | Wet. | erroren ou. 


2756 





Crushing strength, pounds per 1 square inch..... | 2420 | 2756 


Ten bricks were tested in each case. 


B. EXTRACT OF THE REPORT CONCERNING THE TRIALS 
OF THE EXPERIMENTAL STATION AT BOULOGUE, FRANCE, REGARDING 
THE RESISTANCE OF SAND-LIME BRICK TO THE ACTION OF 
FRESH WATER AND SEA-WATER. 


Twelve entire bricks and twelve bricks cut in two were immersed in the four 
following media, by reason of three samples for each medium: 

Ist. | In fresh water conserved in tanks in the cellar of the laboratory and re- 
newed every week. 

2nd. In sea-water similarly kept and renewed. 

3rd. In the sea itself at the extremity of one of the jetties of the port of Boulogne, 
where they remained constantly submerged. 

4th. In theseaat the extremity of the same jetty at a point where they were alter- 
nately bathed and uncovered at each tide. 


CONCLUSIONS OF THIS REPORT. 


Ist. In the bricks thus studied the greater part of the lime added to the sand 
seems to have combined chemically with a part of the silica contained in the latter. 

2nd. When brought into contact with water the composition thus formed seems 
to be more stable than the silicates of lime usually employed in hydraulic binding 
agents. 

3rd. After three months of immersion the bricks exposed both to the action of 
sea-water and that of ordinary water were still in portect condition. 

. FERRER. 

Boulogne, 14th of January, 1901. The Chief of the Laboratory. 


The following is a copy of tests made on brick manufactured by H. 


Huenneke: 
TESTS OF SAND-LIME BUILDING BRICK 
MADE FOR A. G. ROENICK, 408 WOOD STREET, PITTSBURG, PA., BY 
THE PITTSBURG TESTING LABORATORY, OCTOBER 17, 1901: 








TABLE XXIII. 

’ . ‘ : Crushi t h 
Crushing strength per Absorption test 45 hours Absorption af ter freez- square inch after 
3518 lbs. 11.6% gain. 12.4% gain. *4137 lbs. 

4162 lbs. 8.57% gain 8.8% gain *5202 Ibs. 
3859 Ibs. 11.3% gain 11.4% gain | ........ 








*Bricks did not crush at this load, but showed only slight cracks at an actual load of 105,000 
pounds, the limit of the machine. 


Half bricks were used in absorption tests; these bricks were dried thoroughly be- 
fore immersing in water. After remaining in water forty-five hours, the bricks were 
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frozen four hours at at a temperature of 14° Fahr., and then thawed in warm water 
twelve hours, frozen again at a temperature of 9° Fahr., for a period of three and one- 
third hours, thawed in hot water three hours, frozen at a temperature of 12° Fahr., 
for three and one-third hours, and finallv thawed in hot water for twelve hours. A 
final absorption test was made and then the bricks were again thoroughly dried. The 
bricks showed no signs of cracking or disintegration. 


The following is a copy of a test made for the Schwarz System Brick 
Company. 
CRUSHING TEST OF SAND-LIME BRICK. 
No. 1—Mark—1 piece of brick, size 3x4 in.; area app. 13 sq. in. 


Crushed at—35,675 Ibs. 
Crushing strength per sq. in.—2,770 lbs. 


No. 2.—Mark—Full brick, size 4.3x7.7x2.4 in. Area—37.41 sq. in. 
Crushed at—96,100 Ibs. 
Crushing strength per sq. inch—2,570 lbs. 


Both of the above specimens were tested flat. 
Respectfully, (Signed) Cas. F. McKENNA. 


Fire Tests of Sand-lime Brick.—From the foregoing it is evident that 
any of the bricks made under high pressure steam have strength to meet 
all ordinary requirements for building purposes. In Germany a great 
many of the fire inspectors have pronounced them a safe material from 
their standpoint, and a good many sand-brick have gone into municipal 
and government buildings there. The railroads are also using them. 

The following was taken from Ton-Ind. Zeit., Vol. 25, p. 1822: 


A small oven was built of bricks hardened by steam at high pressure, made by 
Guthemann, of Niederlehme, some whole and some bats. It was fired up by wood up 
to a temperature of 1100 degrees C., measured both by Seger cones and by the electric 

yrometer. The bricks were not injured in any way by this treatment, and further 
showed that they were excellent non-conductors of heat. 

Later, by means of a blast, the furnace was brought to a glowing heat and the 
hose turned directly on to the hottest part with a full stream. This cracked off a few 
corners. When thoroughly cooled it was found that the bond had been destroyed for 
a depth 3 cm.=% in., so that part could be scraped off with a knife. 


The writer made the following experiment: 

Five blocks representing sand brick of five different compositions 
were placed in a muffle kiln, and the temperature brought up rapidly until 
Seger cone 6 was down. Eight or ten hours was required in getting the 
temperature. The blocks were taken out while still warm. All the 
blocks were found to be perfect. The only change observable was that 
they were whiter and had taken on a semi-vitrous lustre. There was no 
fire shrinkage or expansion. The blocks when cool were exactly the same 
size as when putin. Ten per cent. of lime was used in each case and both 
high calcium and magnesian limes were represented, as well as ten per 
cent. kaolin and ten per cent. feldspar mixtures. 

Not satisfied with this, the muffle was brought to a white heat and five 
more blocks representing the same five mixtures were put in on top of the 
muffle and the heat continued to cone 6 or 8. These samples contained 
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but 5% of lime. Before the muffle was entirely closed all the blocks which 
contained either clay or feldspar bursted. Those with pure quartz sand, 
and lime or magnesian lime, stood the test satisfactorily. The only 
change again was that they were whiter and more porous, due to loss of 
combined water, and not so hard since with only 5 per cent. lime the 
points at which the amorphous silicates would form was not reached. This 
shows clearly that bricks made from comparatively pure quartz sand will 
stand a very high heat without injury, since even if the small amount of 
calcium silicate present were made fluid by heat unless great pressure is 
applied there would be no deformation. The mass of sand particles built 
up and wedged in place would not require much bond to hold them to- 
gether. 


Nothing was done to determine the expansion while hot, but with low 
lime content it would not be far from that of pure quartz, and about the 
same as that of silica brick. 


The Ohlemacher Brick Company, of Michigan City, Indiana, have 
in their possession a letter from the firm of Prof. Dr. H. Seger and E. 
Cramer, who conduct a chemical laboratory for clay industries at Berlin, 
Germany. It states that a sand brick tested, the composition of which is 
not given, melted to a white glassy mass at Seger cone No. 33, and that 
in a porcelain kiln another specimen gave a linear expansion at cone 
17 of 2.08 per cent. Further heating at same temperature gave an ex- 
pansion of 2.72 per cent. 


The figures quoted above were also given in the last convention of 
the Lime Sand Brick Society, at Berlin, Germany (see Tonindustrie Zeit- 
ung, Nov. 31, 1903). 


Since these brick consist of 90 to 95 per cent of silica or quartz the 
heat conductivity must be very low since it is a much poorer conductor 
of heat than glass. Flint glass has a coefficient of heat conductivity of 
0.143, while quartz sand is only 0.0131. 


Electrical Resistance.—For electrical resistance 8 plates were tested. 
These were made 4x4x1¥ inches with a half spherical indentation in the 
center, leaving a thickness of approximately one-fourth of an inch in the 
center where the terminals were applied. The rupture invariably occurred 
from } to ys inch from the line joining the two terminals of the instru- 
ment, showing that the current arced through the hydrous silicate bond, 
as would be expected. The voltage required to puncture varied for the 
one-fourth inch thickness from 15,000 to 20,000 volts. 


Color of Brick.—With comparatively pure sand, the brick are white 
to grayish white. Deeply colored sands naturally give bricks of a simi- 
lar color, through considerably lighter. Small amounts of oxide of iron do 
not materially affect the color. The brick may be colored red, yellow, blue, 
black, brown or green. In ordinary manufacture, the color is very uniform. 
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Hygroscopic Property.—The brick are very slightly hygrosdopic. The 
average of twenty determinations shows that about one and one-half per 
cent. of water is retained in the normal air dried sand brick. The hygro- 
scopic property is the strongest when clay is present. 


Absorption.—The water absorption is almost complete in 24 hours, 
and in 48 hours the brick made in these tests took up from 8 to 10 per 
cent. of water, in terms of the dry weight of brick. The majority of the 
results were close to 8 per cent., as may be seen in the tables. The average 
weight per cubic foot is 136 pounds. 





Comparison of the Brick With Natural Stones.—The following table 
gives a comparison between sandstones in use for construction purposes, 
and sand brick, as regards their various properties: 


TABLE XXIV. 
| Natural sandstone. | Sand-brick, 
Weight per cubic feet................ 137 Ibs.! 136 
Absorption. ............ 00.0. e eee 7.3%? 8% 
Crushing strength.................--. 6535 lbe.* 7745 
Coefficient Elasticity................. 165,440‘ 600,000° 





1 Average of 16 samples, Bulletin Wisconsin Survey No. IV, p. 402. 

2 Average of 16 samples, Bulletin Wisconsin Survey No. IV, p 

3 Average of 51 samples, Bulletin Wisconsin Survey No. IV, PP. gr. and 304. 
‘ Average of 28 samples, Bulletin Wisoonsin Survey No. IV, p. 399. 

5 Average of 12 samples made and tested for this investigation. 

6 Calculated from curve Figure 4. 


As will be observed the weight and absorption are very close. The 
crushing strength as well as the coefficient of elasticity is in favor of sand 
brick. While the average strength of a large number of sandstones is 
less than that of sand brick, there are some sandstones of great strength. 
A stone from White Haven, Pennsylvania, gave a crushing strength of 
29,252 pounds per square inch according to a test reported in the Ap- 
pendix, p. 30, Brownstones of Pennsylvania. 

The coefficient or modulus of elasticity is an arbitrary figure supposed 
to represent the theoretical load at which an inch cube would be pressed 
to zero Jength, if the block were perfectly elastic up to that point. This 
figure is obtained from the amount of, or the rate of compression or shrink- 
age in length with the increase of the load, up to the practical elastic limit 
and the load at the elastic limit. 

The practical elastic limit is that point at which the compression 
curve increases by 50 per cent. or more. An example will make this clearer. 
Let it be assumed that with a load of 5,000 pounds on a one inch cube, the 
shrinkage in length up to this point was 0.01 inch, that is, 0.002 inch for 
each 1,000 pounds of load. Now if on adding another 1,000 pounds to 
the 5,000 pounds already on, the total additional shrinkage in length is 
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0.002 + 0.001 inch, or 0.003 inch, the commercial elastic limit would be 
5,000 pounds per square inch. 

The high modulus of elasticity shown by sand brick means of course 
that they will make very rigid structures. This property of sand brick 
is perhaps made more clear by saying, and this is shown in the curve on 
Figure 4, that a sand-brick cube with a load of 1,000 pounds per square 
inch only shrinks 0.00125 inch in length. Now, since only 250 pounds 
per square inch is allowed to be placed on the best Portland cement mor- 
tar by most municipalities, the greatest load that we could ask the brick 
to carry would only cause a compression of 14 of that given above, or 
0.00031 inch per inch of height. This means that in any building, bridge or 
other structure which is called upon to carry a varying load there will be 
little or no deformation due to this load. In other words, verv rigid 
structures may be made from this material. 
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Figure 4—Showing elastic ilmit of sdnd-lime brick. 


The highest modulus of elasticity quoted in the Bulletin of the Wis- 
consin Survey, No. IV, p. 399, is one from Ablemans and is 400,800. Liine- 
stones go sometimes as high as 1,800,000, and some granites above 2,000.- 
000. 
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CHAPTER VI. 


MECHANICAL EQUIPMENT FOR MANUFACTURE. 


As has been intimated in previous statements, the machinery in a gen- 
eral way consists of apparatus for either wet or dry slaking, conveying 
machinery, mixing machines, presses, trucks, hardening boilers and 
machinery for generating power. 


SLAKING MACHINES. 


There are a large number of patented machines in the market for the 
dry slaking of lime, both in this country and in Europe. I know.of but 
one, however, for wet slaking. In this latter process, the lime is slaked 
with sufficient water to make a good putty, and after maturing in this con- 
dition, it is dried by artificial heat and ground. 

Olschewsky, in one of his German patents, uses a cylinder capable of 
resisting strong pressure, so mounted that it can be rotated, and receive a 
supply of water at the same time. The cylinder is partially filled of burnt 
lime and sealed up. Rotation and the introduction of water begins; it 
rotates fifteen minutes to one hour, and is allowed to stand two or three 
hours. Thirty to thirty-five parts of water are used to one hundred parts 
of lime. 

From what has been observed in this country, it is safe to predict that 
such a machine will give imperfect hydration; aside from this the pressure 
developed in such a machine would be enormous, and unless provided with 
very large blowoff valves it would be dangerous to operate. 

Another of Olschewsky’s patents, the German patent No. 82785, con- 
sists in the building of a tight metal box in the bottom of the trucks used 
in carrying the brick into the hardening chamber. This is provided with 
a stirrer, a shaft with paddles, and water and steam are introduced. The 
heat generated serves to dry the green brick. This wagon is then run into 
the hardening chamber, and thus supplies one day’s demand for slaked 
lime. This patent was recently annulled. 

This device or procedure was patented in England, in 1900, as No. 
1705, and in the United States, December, 1900, as No. 663459.* 

In Bulletin IV Series 4, Geol. Sur. of Ohio, on the lime industry, will 
be found a list of United States patents and claims made by each for lime 
slaking machines. 


*See Patent Office Gazette, Dec., 1900, page 1,946. 
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Another device which might be mentioned is that of A. G. Schwarz, 
of Zurich, Switzerland in which the machine is heated by steam pipes and 
the hydrate is dried by producing a vacuum, all the excess of water being 
pumped out as vapor. This machine is illustrated and described in 
“Silico-Calcareous Sandstones,”’ by Ernest Stoeffler,as well asin Engineer- 
ing News, February 19, 1903. The above machine is also used in the pro- 
cess of manufacturing sand-lime brick, a total preparing machine, doing 
both hydrating and mixing. 


MIXING MACHINES. 


Other machines for mixing used in either process are edge runners, - 
wet and dry-pans, and various mixing machines of the pug mill type. 
The latter is probably the predominating type of machine in use. Any of 
the above named machines are efficient, if the mixing is continued long 
enough. It is only a question of economy in power, and the durability of 
the machines and available space, which must decide on a machine for any 
particular case. 

The Schwarz machine offers a means of always maintaining constant 
moisture in the brick before going to the press. 

When using other machines the workmen soon acquire great skill in 
judging the condition of the mix as regards its moisture content. They 
are able to keep it within safe limits of variation so that with care there is 
little trouble from this source. 


CONVEYING DEVICES, 


It is apparent that the best conveying machines will be those which 
will move the material with as little friction between the conveyor and 
sand as possible, on account of the latter’s strong abrasive properties. 
Broad continuous belts, where feasible, or heavy chain bucket conveyors 
are perhaps best adapted to this purpose, where dump cars are not desir- 
able. 

If screws or auger machines are used for conveying or mixing, they 
should be of large diameter and capacity, and not geared to move too 
rapidly. 


Brick Trucks.—The trucks are usually built low and made to carry 
from 1,000 to 1,400 of brick of American size, or fewer of German size. 
They usually carry thirteen to sixteen courses. 


HARDENING CYLINDERS OR KETTLES. 


The hardening boilers are made of iron or steel, and are constructed 
to stand high pressures—150 to 200 pounds to the square inch. They 
should always be insulated to prevent radiation and excessive condensa- 
tion of steam. They have one head movable and bolted on. This head 
is handled by a small crane, and tackle, or compressed airlift. A hinged 


"uolysod Uj PezjOog PeeYy oYy2 YIM ‘peso/d 431109 Bujuspuey e Buymoug—sg sanßıg 





64 ANNUAL REPORT 


door has been used provided with a wheel on the bottom and a track for it 
torunon. They are very clumsy affairs to move, and occupy a great deal 
of space, and are not to be recommended. The bolts should be so fastened 
to the kettle that the head can readily be swung into place. These bolts 
are usually 114 to 1% inches in diameter. 


The size of these hardening kettles varies from 5 feet 6 inches to 7 feet 
in diameter, by 30 feet to 67 feet inlength. There has been considerable 
discussion among German manufacturers as to the best size of the kettle. 
From these discussions, I infer that the majority are in favor of the larger 
sizes. The friends of the smaller size put forward the argument that the 
brick should be put into the cylinder at once, and that with the larger 
ones they will have to wait twice as long for the steam treatment. Theo- 
retically this is so, but the writer’s experience would indicate that the dif- 
ference in time of standing, which would only be a few hours after press- 
ing, does not materially hinder the development ofthe usual strength. 
When working very moist mixtures the danger of damage from standing is 
increased, since the less moisture is present the less rapidly will the free 
calcium hydrate take up carbon dioxide. 


With the small kettle or cylinder, the cost of both labor and fuel will 
will be slightly increased, as has been shown by Thiessen (Ton /ndustrie 
Zeitung, Vol. 26, No. 104). 

The best size of kettle will depend on: 1st, the plan of operation adop- 
ted at the plant, 2d, on the capacity of the plant, which depends on the 
capacity of the press. With a press capacity of 20,000 bricks in 10 hours, 
the writer would recommend working with units of 10,000 brick, and 
would build each kettle to carry that many brick. If, however, the press 
capacity was only 15,000 for a 10 hour day, and the plant was to be oper- 
ated only through the day, it is obvious that kettles of 10,000 capacity 
would not be the most suitable. The customary size is six to seven feet 
in diameter by 40 to 66 feet in length. This range of size will not be far 
from correct in most cases.* 


Figure 6 shows a similar boiler open and charged ready for steam as 
soon as the head is bolted into place. This cut also shows a container for 
slaking lime, under the floor of the truck. 


PRESSES. 


It is a gross error to think that any press will do, as the construction 
of the machine is of vital importance, not only to the quality of the bricks 
produced, but also as to the commercial success of the plant, in keeping 
up a regular daily output without loss of time in breakdowns. It is safe to 
say that there is no press made today which fulfills all the requirements of 
this industry. I do not wish to be understood as saying that there are no 

*At time of of writing a 20-foot cylinder with two detachable heads was contemplated and has at 


time of installed at Mobile, Ala. Nothing could be learned as yet as to the suc- 
cess of eee cylinder, in practice. 
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American or European presses which will make good brick, because there 
are a number of them made on both continents. If we could combine the 
good points of each and improve a few minor defects, we would have a very 
good press. What I wish to bring out strongly is that there is room for 
much improvement, and one can trust to American inventive genius to 
make them, shortly after the faults are found. 


The requirements which a good press must meet are as follows: 


First—The press must he able to deliver a pressure of 200 to 250 tons 
for each brick and not break down if by accident a little more is asked of 
it. That is, it must have a large factor of safety in all of its parts, when 
delivering this pressure per brick. 


Second—tThe filling of the mold must be accomplished with great 
accuracy and uniformity. 


Third—All working parts must be so arranged that they will be free 
from contact with loose sand, otherwise they will cut out at an alarming 
rate. 


Fourth—The dies and mold linings must be made of the hardest ma- 
terial obtainable. 


That a pressure of 200 to 250 tons per brick is essential to the strong- 
est brick was clearly shown in the discussion of the behavior of the mix- — 
ture in the mold. Statements and results previously given also show 
that there is necessity for a press to stand more than the normal load, since 
the strain on the machine increases at a very rapid rate with a slight in- 
crease in the amount of the mixture introduced or any increase in its vol- 
ume, weight, or density in the loose state which might be brought about by 
some accident in the preparation of the mixture. The above also accounts 
for the necessity for accuracy in filling the mold.’ The lack of plasticity in 
sand, and its consequent resistance to flow and adjustment under pressure 
is evident, and hence an even distribution of the loose powder in the mold 
is absolutely essential. In the above remarks, the writer refers, of course, 
to presses with direct mechanical motion, driven by gears, in which the 
length of the stroke and the size of the brick is fixed, and the pressure is 
dependent on the amount of material placed in the mold. This is the 
general type of machine in use. If the above requirements are not met in 
this type of machine many breakdowns may be expected. If, however, 
one had a press which would apply a certain desired load and no more, or 
one which had a direct pressure and some means of taking up the strain 
when it reached anything near the danger limit, the operation of the brick 
presses would be much more satisfactory than it is now. 

The third requirement is self-explanatory and evident. 

The fourth is necessary to the reduction of friction and more even dis- 
tribution of pressure as well as to save the annoyance and loss consequent 
to frequent changing of the mold lining. The increase of mold pressure 
increases the friction and abrasion of the mold linings and dies. It was 
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found necessary in our experimental work with cast iron molds, to raise 
the mold clear from the bedplate, so that the brick rested on the bottom 
plunger, so as to get pressure both from top and bottom. 


fore, desirable for best results, that the pressure must come from both top 
and bottom. 
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Figure 7—Older form of Komnick Press. 


It is probable that the friction on the sides of the mold and the lack 
of flow of particles will limit the thickness of a block which can be manu- 
factured satisfactorily to 4 or 5 inches, unless the press is so made that one 
charge may be added and given a definite pressure and then another added 
and the pressure delivered on top of it. 


In this way large blocks might be 
built up. The limiting factor here would be the ability to push the block 


It seems, there- 
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out of the mold. Blocks made in this way would, of course, be expensive 
The limit in thickness. might be raised when necessary, by increasing the 
lime and moisture content. These would tend to reduce friction and in- 
crease the movement of particle on particle, but at the same time would 
increase the cost of production. 

On account of the resistance of this non-plastic mass to flow, or the 
movement of particle on particle, it would be well that a press should not 
release the pressure at once, and it might be still better to repeat the 
pressure. 

It seems that the hydraulic press might have some very strong ad- 
vantages if adapted to this industry. 

Considering the presses in use in this country, we can truly say they 
all have merit, and if we were able to combine the good points of all in one 
machine, we would have a very satisfactory one. All have their faults, 
however. One fault is common to all; namely, they are not built to de- 
liver the very high pressure which has been shown to be desirable. Since 
maximum strength is developed in a brick by giving it a very high high 
initial pressure in the mold, brick of strength equal to those now made 
can be made with much less lime, if the mold pressure is increased. It is 
undoubtedly cheaper to give this pressure, on a properly designed ma- 
chine than to use the larger amounts of lime. 

Aside from this common fault of weak construction, each machine 
has its own weak points. The Kahl press, which is a German machine, 
soon to be manufactured with some improvements by the Semisteel Com- 
pany, Cleveland, O., is a machine built to stand 150 tons per brick, and 
one which seems to do very good work up to about 100 tons, or a little 
more perhaps. This machine is built broad and low, with the wearing 
parts well protected from the sand. The floor space occupied per 1,000 of 
bricks capacity is large. This is always a disadvantage. The press con- 
sists of a rotating table, which first passes the empty mold under a special 
measuring device which has the loose material already measured and dis- 
charges it when the mold is in the proper position. The table then rotates 
about 135° farther, and the brick receives its pressure from below, this 
portion of the table passing under a very heavy overhead arm which car- 
ries & hard plate at point where the brick presses against it. The table 
next carries the brick out from under the arm, after which the brick is 
pushed up until its bottom surface is flush with the table, so that it may 
be picked off the head of the die without any scraping, or spalling. The 
pressure is delivered directly by an excentric working under the table. 
This is a weak point, which is to be remedied in the new machines, which 
are called upon to furnish heavy pressures. This machine when seen in 
operation was producing brick with clean cut edges and corners, with 
almost no failures. One size has a capacity of 12,000 to 14,000 per day 
of 10 hours, and the other 20,000 to 23,000. 
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Another German type of machine, the Komnick press, is that now 

used by the American Sandstone Brick Machinery Company, at Saginaw, 

Michigan. (See Fig.7.) This is an upright machine with a smaller rotating 

table and a filling device similar to the one employed by the other. The 

method of delivering the pressure is different, and is given from above. 
A comparison can best be made by a study of the illustrations. 








Figure S—New form of Komnick Press. 


This machine is supposed to carry a pressure of 100 tons or more per 
brick. 

The Kahl press only makes one brick with each application of press- 
ure. The Komnick makes two, as may be seen in the illustration. It 
occupies a little less floor space than a press of the American type with 
twice the capacity. This press has a capacity of about 10,000 in 10 hours. 


A weak point in this machine is that some of the wearing parts are 
not protected from the sand. When the writer saw it in operation, it was 
not making brick with clean edges, but this was not a fault inherent in the 
machine, being due to the setting of the mold linings, and the condition 
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of the die heads. There is room for improvement on the device, or its 
adjustment, for pushing the brick out of the mold. 

Fig. 8 shows another form of Komnick press, which this firm is man- 
ufacturing with some improvements, making it double geared and simpli- 
fying it at several points. This has replaced the other press in all their 
new plants. 

Since sand brick when first pressed are so tender that they do not 
not stand pushing and handling without injury, the rotating table is the 
one thing which recommends and characterizes the German presses; it was 
the result of an effort of the German sand-lime brick manufacturers to get 
a press suited to the needs of the industry. 

The various American brick presses are too well known to require any 
description. They have greater strength, greater durability, and greater 
capacity per foot of floor space occupied, than any other. They have, 
however, one glaring fault. They push the brick off the head of the die in 
such a way that many sand brick are injured by having a corner broken 
off, or the edge on one end made ragged by the breaking out of little spalls. 

Two American brick-press companies think they have solved this 
problem, and will soon have new machines on the market. It is to be 
hoped that their assumption is true. If it is not it will not be necessary 
to wait long until the problem is solved. 

The writer is in favor of the use of the American press, even if many 
brick must be thrown back, as he believes the American press will make 
more brick with less expenditure for labor and repairs than any other. 
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CHAPTER VIL 


PROCESSES AND PATENTS, 


Five systems or processes of manufacture have received commercial 
exploitation in this country. Three of them have plants in operation. 

The American Sandstone Brick Machinery Company, of Saginaw, 
Michigan, is putting in plants after the system used by F. Komnick, of 
Germany. This company has built a number of plants. The Ohlemacher - 
Brick Company, of Michigan City, Indiana, represents the Kleber system, 
as patented in the United States. This company has the pioneer plant in 
the United States. H. E. Brown, of Coldwater, Michigan, is exploiting 
his patent on the use of dolomite lime for sand brick. The Schwarz System 
Brick Company, New York, has the Schwarz system to offer. H. Huen- 
nekes & Company, of New York, are exploiting the Huennekes system, 
which is based on the United States patent of Jos. Prior. This company 
has a number of plants in operation today. 

There are quite a number of patents which bear directly or indirectly 
upon the sand-brick industry as defined. There are not so very many, 
however, that have real merit. There is no patent on the process of hard- 
ening in the ordinary way with steam under pressure as has been previous- 
ly described, nor can there be, since the originator of this idea, Dr. Mich- 
aelis, of Germany, allowed his patent to expire some years ago, thus giving 
it to the public. 

There have been granted, however, in the United States, two patents 
on the hardening process, which bring about the same reaction and by 
essentially the same agent—hot steam or steam under pressure. While 
both of the processes will harden the brick, I cannot see where they intro- 
duce any advantage or economy over the old way of doing it. In fact, 
I think there are several factors introduced which would bring about a 
loss of heat rather than economy. 

These patents are: 

1—Carl Rensing, Berlin, Germany, 681,580, August 27, 1901. 

2— Walter Schulthess, Zurich, Switzerland, 683,337, September. 24, 

1901. . 
An electrical hardening process was patented by 

3—Emery Conlon, of Blaton, Belgium, 661,443, November 6, 1900. 

The latter, as outlined in the specifications, would probably be too 
expensive to receive any commercial attention in this country. 
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So far as the writer was able to find out, none of the three hardening 
processes have received any commercial application. 


In the United States there were granted between January 1, 1892, 
and September 30, 1902, twelve patents which bear directly on the sand- 
brick industry. Three of these have objectionable features, considered 
from the standpoint of the quality of material produced. Good brick can 
be made by any of the other nine. The question simply resolves itself 
into one of economy of manufacture, so far as they are concerned. 


1—Patent No. 693,906, February 25, 1902, granted to Edward Root, 
of Dassel, Germany, covers mixtures of clay and lime hardened in steam. 
The quality of material produced by clay and lime hardened by steam has 
been discussed earlier in this report and needs no further comment. 


2—Patent No. 685,094, October 22, 1901, granted to Sven Edmund 
Boirie, of Rognhildsborg, Sweden, makes use of nitric acid in the mixture. 
This is almost sure to leave soluble salts in the finished product, which 
would be very undesirable. 

3—Patent No. 470,333, March 8, 1892, issued to Charles George, of 
Berlin, Germany, gives to the bricks, after steam hardening, a bath in a 
solution of calciym chloride. This after treatment is very objectionable. 


While good brick can be made under the next three patents, I do not 
think they are feasible commercially. 


4—Thomas Barber, London, England, 624,900, May 16, 1899. 
Claim number one of this patent is as follows: 


“The process of manufacturing artificial stone, which consists in first submitting 
the materials to a vacuum to exhaust the air therefrom, then submitting them to 
the action of hot water under pressure, then submitting them to the action of steam 
under high pressure and removing the water, and then again submitting the materials 
to a vacuum while maintaining them at a suitable temperature till dryness is reached, 
substantially as described.”’ 


The brick must stay in the mold during the entire procedure. 

5—Patent No. 591,168, October 5, 1897, granted to Christian Heinzer- 
ling, of Frankfort-on-the-Main, Germany. There are three claims. Claim 
number one would make a good brick, but causes them to remain in the 
mold, and subjects them to a vacuum after molding. Claim number two 
dips the brick in oleagenous substances, which would be objectionable for 
most purposes. Claim number three hardens by carbonic acid gas. 

6—Feodore Boas, of St. Hyacinthe, Canada, No. 707,898, August 26, 
1902. This patent covers the use of magnesium silicate with lime and 
steam hardening. There are eight claims. It is impossible to judge off- 
hand as to the results brought about by the first four claims, but the other 
claims involving sand and lime, with magnesia in excess of the lime, 
would result in making good bricks. However, there are not many loca- 
tions where magnesia or magnesium silicate can be had cheaper than sand. 
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nick. This plant has some minor faults in its arrangement, recognized by 
the owners. These will be corrected in all future plants. 

The procedure at this plant is essentially as follows: The lime is pre- 
pared by adding water to the quicklime in iron boxes of such size as will 
fit under the brick trucks in the hardening cylinders. After the addition 
of the water the boxes are allowed to stand for a short time and are then 
placed in the hardening cylinders. Any lime unslaked by the water is 
fully hydrated by the steam during the hardening of the brick. If, on the 
other hand, a little too much water is added, the steam dries the hydrated 
lime. This gives a very satisfactory lime hydrate to work with. There 
are always some lumps which do not entirely break down, so that the 
hydrate must be ground before mixing with the sand. 

The ground lime hydrate and sand are shoveled into an elevator boot, 
which carries it to the mixing machine. This machine consists of two 
shafts, studded with paddles turning towards each other. The paddles 
are so set as to gradually carry the mixture to the other end which feeds 
into the press. The press used has been described. Short hardening 
cylinders (27 feet) are in use here; this is not an essential feature of the 
system, however. 

The observations of the writer on the material produced were that the 
lime was not evenly distributed. This must be due to one of two causes, 
t. e., either insufficient grinding of the lime or insufficient mixing later. 
Both finer grinding of the lime hydrate, and a second mixing machine, 
would perhaps be desirable. 

With almost any other method of preparing the lime, the imperfect 
distribution of the lime would be dangerous to the product, but with this 
method of preparation, the only undesirable feature is that the full value 
of the lime as a bonding material is not obtained. 

This system of manufacture evidently will not be the cheapest, since 
the users of quicklime eliminate the cost of the preparation of the 
lime as indicated above. 

9—Herman Elisha Brown, Coldwater, Michigan, Patent No. 697,319, 
April 8, 1902. This patent covers the use of lime produced from the cal- 
cination of dolomite limestone. There are no plants working on this pro- 
cess today, but the contract has been let for the machinery for one to be 
put up at once at Jackson, Michigan. 

As previous statements would indicate, this type of lime must be 
thoroughly slaked before mixing with the sand, and more time will be 
necessary for slaking than with the hot limes. The mixing machine con- 
templated in the new plant is one which has been used in mixing asphalt 
and sand. Since it is a machine which holds the materials until they are 
dumped, it should give good results, if the mixture is retained until the 
lime is completely distributed. The hardening cylinder contemplated is 
extreme in length, 76 feet. In the opinion of the writer, this is a mistake 
for any plant, except perhaps one with a capacity of 150,000 or 200,000 
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bricks perday. The back end of such a cylinder will have very bad light, 
and further it will be very difficult to keep such a long cylinder from creep- 
ing on its foundation. 

The process obviously will not be the cheapest one since, as has been 
previously indicated, slightly more of this lime is needed to produce the 
same strength, than of hot lime. However, there are, no doubt, locations 
where this kind of lime can be had at a price sufficiently low to counter- 
balance any slight drawbacks which it may have. 

10—Paul Joseph Prior, of Cologne, Germany, Assignor to Heinrich 
Huennekes, of Straelen, Germany, Patent No. 686,333, November 12, 
1901. 

The essential feature of this patent is the introduction into the hard- 
ening cylinder of alkali salts, potassium and sodium carbonates, in such a 
way that the steam introduced shall pass over the salts. The claim is 
made that in this way the potash and soda are introduced into the brick. 

This patent has been largely exploited in this country, and is better 
known under the name of ‘System Huennekes.’’ 

Knowing the properties of potassium and sodium carbonates, we can 
not believe that they are carried up and into the brick to any extent by 
the steam. The writer also concluded after seeing a plant at Pittsburg, 
Pennsylvania, which is operated according to this patent, that the alkali 
salts were dissolved and carried out by the condensed water, a consider- 
able amount of which is inevitably formed in the hardening cylinder. 
This being the case, the alkali salts could do neither harm nor good, so 
long as the steam inlet and salts were kept under the trucks carrying the 
brick. If, however, the alkali salts were suspended over the bricks, and 
the steam then blown over the salt containers, there might be positive 
harm done, by the mechanical action of the steam splashing the solution 
of potassium and sodium carbonates over the surface of the brick, which 
would later be apt to show up as a white scum on the brick. Owing to the 
fact that three plants were working in this country under the protection 
of this patent, and that the promoters of this system were making rather 
strong claims as to the desirability and advantages of this system over all 
others, it was deemed advisable to make a comparative test of material 
made by the Survey according to this patent, and material prepared in the 
ordinary way. 

Accordingly, a mixture of four parts of the coarse sand used in earlier 
work, and one part of fine ground sand and 10 per cent. high calcium lime 
was made up and three cubes and three briquettes were made with a press 
pressure of 15,000 pounds per square inch, and hardened in a hardening 
cylinder, in which the inlet delivered the steam over the surface of the 
potassium and sodium carbonates in shallow pans. This was accomplished 
by closing the end of the steam delivery pipe which was placed on top of 
the shallow pans. This pipe had a large number of holes on both sides, so 
that the steam was distributed over the surface of the salts. The cylinder 
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was heated to above 100° C., before putting in the bricks and the alkali 
salts, so as to have as little condensation as possible, but the pans were 
filled and running over with water when the process was finished, and the 
cylinder cooled and opened. 

Three more cubesand three more briquettes were manufactured under 
exactly parallel conditions, except that no alkali salts or chemicals were 
introduced into the hardening cylinder. The average results obtained 
from crushing tests of three cubes of each series and tension tests of two 
briquettes of each series was as follows: 








aka. | “uikels 
Crushing strength, pounds per square inch.............. 6181 | 6415 
Tensile strength, prounds per square inch............... 554 | 644 


From the above results it is evident that the introduction of potas- 
sium and sodium salts into the hardening cylinder in the prescribed man- 
ner brings about no material good or injury to the brick. 

We may say then that this process means a slight increase in the cost 
of production without material gain in the quality of the product. 

As has been stated earlier, there are a number of plants operating 
under the protection of this patent—one at Pittsburg, Pennsylvania, one 
at Wilmington, North Carolina, and another at Sioux Falls, South Da- 
kota, and other points. 

The general practice at these plants is to mix ground lime and sand 
with the requisite amount of water to produce the proper consistency in a 
pug mill. The mixture is conveyed to bins where it is allowed to ripen 
from 24 to 48 hours,after which it passes through a second mixing machine 
of some sort to the press. The Berg press is in use at Pittsburg. The 
second mixing machine at the above named place is a dry pan, and by 
this procedure fairly even distribution of the lime was being obtained. A 
rather large hardening cylinder was being used here also—about 6 feet 6 
inches in diameter, by 66 or 67 feet in length. 

The writer can see no reason why this should not offer a slightly 
cheaper method of production than the two preceding ones. 

11—Wilhelm Schwarz, of Zurich, Switzerland, Patent No. 670,299, 
March 19, 1901. 

Claim number three, which gives the essential features of the patent, 
is here quoted. 


“The process of making artificial sandstone, which consists in drying the sand 
by heat in vacuum, then adding lime to the dry sand and drying the lime, then mix- 
ing the whole and adding moisture, all the while under a vacuum.” 
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The main object of this patent is to bring about accurate control of 
the moisture content of the raw brick. While this is desirable, the writer 
does not consider it essential, since his observation is that the workmen 
soon acquire sufficient skill to keep the moisture content of the mixture 
within the limits which will produce good bricks. The very small amount 
of carbon dioxide which is eliminated by the machine being closed while 
mixing is in progress, is not worthy of any consideration. 

The real merit of the Schwarz system lies in the mixing machine 
which Schwarz has devised to carry out his ideas, rather than in the pat- 
ented process. This machine is described in Engineering News for Feb- 
ruary 19, 1903. 


If this machine were divested of its complex vacuum and heating 
arrangement, it might be the best mixing device for the sand-brick indus- 
try which has yet been offered to the public. 


Since the total preparation of the raw material is brought about in 
one machine, it admits of simple plant construction, eliminating in a large 
measure conveying machinery, which is very desirable. 


The Schwarz System Brick Company is promoting this system, 


12—Peter Kleber, of Malatatt-Burbach, Germany, Patent No. 663,- 
904, December 18, 1900. 


The claim made by this patent is as follows: 


“The herein described process for the production of artificial stone or brick con- 
sisting in, first, mixing moist sand and unslaked lime so as to hydrate a portion of the 
lime only, secondly, adding sufficient water to hydrate the lime remaining unhydrated 
or unslaked, and allowing said mixture to stand sufficiently long to complete hydration ; 
thirdly, bringing the mixture into a plastic cohesive condition by the addition of a 
minimum amount of water, molding said mixture into blocks and finally subjecting 
such blocks to the action of high-pressure steam, substantially as described.” 


A careful study of this claim will show that there is very little in it 
which is essential to sand-brick manufacture. No new principle is in- 
volved. Nothing can be gained by furnishing the moisture to the lime 
for hydration in two portions instead of one, in fact the reverse is the case 
since lime slakes best and most completely with a slight excess of water, 
such as would be necded to bring the entire mixture to the desirable con- 
dition for molding after the lime had taken up what water it would. 
With some limes high in magnesia it would be necessary to let the mixture 
stand at some stage after the addition of the water necessaryforhydration 
to give the slowly slaking magnesia time to complete its hydration before 
going to the press. With a hot quick slaking or a high calcium lime this 
would not be necessary, the hydration would be completed by the time 
the mixing had been thoroughly done, and the mixture put through the 
press and into the hardening cylinder while still warm from the heat gen- 
erated from the slaking lime. 
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The Ohlemacher Brick Company, Michigan City, Indiana, originally 
manufactured under the protection of this patent, but the writer does not 
believe that in their present practice any just cause for action for infring- 
ment on the above Kleber patent could be found, were they inclined to 
abandon its protection. 

The Michigan City plant is the pioneer plant in this country. The 
practice at this plant, briefly stated, is to mix sand, ground quicklime, 
and water, sufficiently to completely slake the lime and leave the mixture 
moist enough to mold when finished. This is done in the first mixing 
machine. The mixture passes through two more mixing machines, and a 
screw conveyor before going to press. If the moisture content is not 
right, it is corrected in the last mixing machine, by adding a little water, 
or a little lime and dry sand, as the case may be. 

The mixing machines are of the pug mill type with many more pad- 
dles than are in an ordinary clay pug mill. The distribution of the lime 
was complete. 

The raw mixture is carried to a row of presses by an overhead drag 
conveyor, which has feed openings at each press, which can be closed 
when the press is not in use. The hardening cylinders are of normal size. 

A properly equipped plant operated according to the last patent or 
in the manner just described should produce brick at a minimum of cost, 
since there is no extra handling of anything. The raw materials start at 
one end and come out as finished product at the other end, with no delay 
except for a steam bath. A considerable portion of the heat due to the 
hydration ofthelimeissaved. Any other but a quick slaking lime would 
make trouble, however. 

The writer wishes it understood that good brick can be produced 
under all of the last nine patents described, and that the relative value of 
each lies in the cost. of production, or exceptional quality of products. Of 
the last five described, if they were all to work under exactly parallel con- 
ditions, the writer does not believe the difference in cost of production, 
between the lowest and highest, would exceed 35 cents per thousand. 
Likewise the difference in cost of plant construction will not vary more 
than a few thousand dollars under similar conditions. 

The cost of plants will vary slightly from time to time, but will vary 
markedly with the locality at any time. A well equipped sand brick 
plant with a capacity of 20,000 brick in 10 to 12 hours, will cost, independ- 
ent of site and buildings, in Ohio, from $20,000 to $25,000. 

The cost of production also will vary considerably with the location. 
The cost of production in this country, not including depreciation in 
plant, interest on investment, loss of time in breakdowns and repairs, etc., 
varies from $3.00 to $4.00 per 1,000. The selling price ranges in different 
localities from $8.00 to $15.00 per 1,000. 

From seven to eight million brick were made and sold in the United 
States in 1902. 
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It is a fact worthy of notice that of all the patents mentioned only one 
was taken out by a citizen of the United States. 

The writer can see no valid reason why plants should not be built, or 
why good brick should not be made, independent of all the above men- 
tioned patents or systems. 


ADDENDUM, WRITTEN JANUARY I, 1905. 


Since writing the above article, The American Sand-lime Brick Com- 
pany, of Chicago, Illinois, has entered the field with an all-American sys- 
tem and no patents. They should be classed with the last five mentioned. 

Several other firms not previously mentioned are now in the field, 
field, among which is the American Clay Working Machinery Company 
of Bucyrus, Ohio, and the Morris Sherman Manufacturing Company, 
Chattanooga, Tennessee. 

While bricks can be made in a commercial way, which will give crush- 
ing strengths of 7,500 pounds per square inch, and tensile strengths of 450 
pounds, and at a cost not to exceed $4.00 to $4.50 per 1,000, brick of a 
lower strength will answer all ordinary building requirements and can in 
most cases be produced for less money. The writer would consider any 
sand brick which gave a crushing strength of 3,500 pounds per square inch, 
or over, entirely satisfactory. Many sands, with 10 per cent. of lime, will 
give much higher strengths with proper press handling, without the grind- 
ing of any of the sand. 

A volcanic ash, from Colorado, made up with 10 per cent. of lime, gave 
a brick which stood frost in an entirely satisfactory way, and showed no 
signs of efflorescence after the freezing test. This volcanic ash brick 
crushed at 4,575 pounds per square inch, and gave a tensile strength of 
450 pounds per square inch. 

No brick were made from blast furnace slag, but the writer is of the 
opinion that granulated blast furnace slag could be worked up into brick, 
which would answer for many purposes, if the conditions necessary for 
successful manufacture were carefully worked out at an experimental 
plant of the right sort. In the use of this material it would be necessary 
to give careful attention to all details of manufacture at all times in 
order to have a uniform product. 


BULLETIN NUMBER SIX. 


PART ONE. 


A SUBJECT INDEX OF THE PUBLICATIONS OF THE GEOLOGICAL 
SURVEY OF OHIO, FROM ITS INCEPTION TO AND 
INCLUDING BULLETIN NUMBER EIGHT, 

SERIES FOUR. 


BY 
ALICE GREENWOOD DERBY, B. PH. B. A. 


LETTER OF TRANSMITTAL. 


Professor Edward Orton, Jr., State Geologist. 


DEAR S1r:—I take pleasure in submitting to you the results of 
my study of the publications of the Geological Survey. I have gone 
outside of the actual publications of the Survey itself in a few cases, to 
~-includeState documents obviously bearing on this works but not published 
under its auspices. I only did so from the feeling that the work would 
be incomplete without it. 

Regarding the general scheme of classification used, I would say 
that while it would be possible to make it much more detailed, the 
present seemed about the desirable mean between a too condensed 
and too expanded system. It will undoubtedly make the task of con- 
sulting the literature of the Survey much easier in future than ever 
before. 

Very respectfully submitted 
ALICE G. DERBY. 
Ohio State University, Columbus, July 1906. 


2—S. G.—Bull. 6. 
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PUBLICATIONS OF THE GEOLOGICAL SURVEY OF OHIO, 
AND PUBLIC DOCUMENTS RELATING THERETO, 
WITH TOPICAL ANALYSIS OF EACH VOLUME. 


Ohio Executive Documents 1836. Report No.1. Report of the Com- 
mittee on a Geological Survey of the State. By S. P. Hildreth, 
chairman of the committee. 

Report of Professor Hildreth, pp. 65-79. 

Analysis of the limestone of Cincinnati and Dayton, by John Locke. 
p. 77-78. 

Appendix A. On the application of the hot blast, in the manu- 
facture of cast iron, by Thomas Clark (from Amer. Jour. Sci. for 
Oct., 1836.) pp. 78-79. | 


Ohio Executive Documents 1836. pt. 1. Report No. 60. Report 
of John L. Riddell, M. D., one of the special committee appointed 
by the last legislature to report on the method of obtaining a com- 
plete geological survey of this state. 
34p. Contents; Letter of transmittal of Gov. Vance, p. 3. 
Report of Mr. Riddell, pp. 3-34, with two plates of sections. 


Ohio General Assembly. House of Representatives. Document No. 76. 
Catalogue of the Geological Specimens collected, on the late survey 
of the state of Ohio, by W. W. Mather, state geologist. Feb. 25, 
1842. 
Contents: Letter of transmittal of the governor, Thos. Corwin, 
to the House, p. 3. Letterof W. W. Mather to the Governor in 
connect.on with the report, pp. 5-7. Catalogue of the geological 
specimens, consisting of 11 sheets on which the report is arrang- 
ed in tabulated form. 


OHIO GEOLOGICAL SURVEY, FIRST ORGANIZATION 1837-38, 


First Annual Report || on the || Geological Survey || of the || State of Ohio. 
By W. W. Mather, principal geologist, and the several assistants. |} 
Columbus. || Samuel Medary, printer to the state. 1838. 

134 pp. 1 plate. 8vo. Bound in black cloth, binder’s title, 
“Ohio Geological Survey. Mather’ in gilt on the back. 5,000 
copies of this report were printed. 

Contents: Title page as above; verso blank; letter of transmittal 
of Gov. Joseph Vance to the General Assembly; verso blank; plate 
representing a geological section of the state. 
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Report of W. W. Mather, principal geologist, pp. 5-23. 

Report of Dr. S. P. Hildreth, Ist assistant geologist, pp. 25-63. 
Report of Dr. Kirkland, 2d assistant geologist, p. 98. 

Report of Mr. Whittlesey, topographer of the Survey, pp. 99-109. 
Geological queries, pp. 111-21; glossary of some geological terms 
used in these reports from l[yell’s geology and other sources 
pp. 123-29; table of contents pp. 130-134. 


Ohio General Assembly. Legislative Doc’s. Document No. 26. 
First Annual Report on the Geological Survey of the State of 
Ohio. By W. W. Mather, principal geologist, and several assistants. 
5,000 copies were ordered printed for distribution among the 
members. 


Second Annual Report || on the || Geological Survey || of the || State 
of Ohio. By W. W. Mather, || principal geologist, and several assistants. 
Columbus. || Samuel Medary, printer to the State. || 1838. 

1+ 286 p. illus. 15 plates. 1 folded map. Bound in black 

cloth, binder’s title, “Ohio Geological Survey. Mather.” 5,000 

copies of this report were printed. 

Contents: ‘Title as above; verso blank; letter of transmittal of 

Gov. Shannon to the General Assembly; verso blank. 

Report of W. W. Mather, pp. 5-39. 

Report of Mr. Whittlesey, pp. 41-71, with two plates illustrating 
topography. 

Report of Mr. Foster, pp. 73-107, with plate representing geological 
section. 

Report of Mr. Briggs, pp. 109-154, with geological sections. 

Report on the Zoology of Ohio, by Prof. J. P. Kirkland, p. 157-200. 

Report of Dr. John Locke, pp. 203 -286, with sections and a folded 
map of Ohio. 


Ohio General Assembly. Legislative Documents. Document No. 22. 
Second annual report on the Geological Survey of the State of Ohio. 
By W. W. Mather, principal geologist, and the several assistants, 

Copies were ordered printed for distribution among the members. 


OHIO GEOLOGICAL SURVEY, SECOND ORGANIZATION 1869-88. 


Report of Progress, 1869. Title page reads as follows: Geological 
Survey of Ohio.|| Part 1. || Report of Progress in 1869, || by J. S. New- 
berry, chief geologist. || Part 2. || Report of Progress in the second 
district, || by E. B. Andrews, || Assistant Geologist. || Part 3. Report on 
geology of Montgomery county, || by Edward Orton, |! assistant geologist. 
| Columbus. || Columbus Printing Company, state printers. || 1870. 

164 p. Illus. Colored maps, 2. 1 chart. 8vo. Bound in 
cloth, binder’s title, Ohio || Geological Survey || 1869. || in gilt on 
the side. 14,500 copies were printed. 


SUBJECT INDEX OF OHIO REPORTS. 21 


Contents: Preliminary geological map of Ohio, col.; title page 
as above; verso, letter of transmittal of chief geologist to Gov. 
Hayes; part 1, Rept. of Progress, by J. S. Newberry, pp. 3-51; 
errata; chart of Geological History; part 2. Report of progress in 
the second district, by Prof. E. B. Andrews, assistant geologist, 
pp. 55-135; part 3, Report on geology of Montgomery County, 
by Edward Orton, assistant geologist, pp. 139-161; map of group- 
ed sections with explanations, pp. 163-64. 


Report of Progress, 1870. Geological Survey of Ohio. || Report 
of Progress in 1870.|| By J. S. Newberry, chief geologist, || including 
reports by || E. B. Andrews, Edward Orton, J. H. Klippart, assistant 
geologists. || T. G. Wormley, chemist. G. K. Gilbert, M. C. Read, 
Henry Newton, W. B. Potter, || local assistants. || Columbus || Nevins 
and Myers, state printers. || 1871. 

568 p. Illus. 6 plates, 1 colored, 1 folded. 8vo. Bound in cloth, 
binder’s title, ‘Geological || Survey || 1870 || Ohio. 14,500 copies of 
this report were printed. 

Contents: Title page as above; verso, letter of transmittal to the 
Gov. Secondary title, Part 1. Report of Progress of the Geo- 
logical Survey in 1870. Sketch of the structure of the lower coal 
measures in northeastern Ohio, by J. S. Newberry, chief geologist; 
verso blank; Report, pp. 5-53. 

Part 2. Report of labors in the second Geological District 
during the year 1870, by E. B. Andrews; pp. 57-251. 

Part 3. Geology of Highland County, by Edward Orton, 
assistant geologist. Letter of transmittal; colored map 
of Highland County. Report on Highland County, 
pp. 255-309. Geological series of Highland County. 6 p. 

Part 4. Agricultural Survey, by John H. Wlippart, assistant 
geologist, pp. 313-400. 

Part 5. Report of Chemical Department, by T. G. Wormley. 
Letter of transmittal; Report, pp. 403-462. 

Part 6. Sketches of the geology of Geauga and Holmes Counties, 
by M. C. Read. Letter of transmittal; Report, pp. 465-84. 

Part 7. Report on the geology of Williams, Fulton, and Lucas 
counties, by G. K. Gilbert. Letter of transmittal. Report, 
pp. 488-99. 

Part 8. Sketch of the present state of the iron manufacture 
in Great Britain. By W. B. Potter, E. M. Letter of 
transmittal. Report, pp. 503-26. 

Part 9. A sketch of the present state of the steel industry. 
by Henry Newton, E. M. Letter of transmittal. Report, 
pp. 529-55. Errata. 

Index, pp. 557-68. 
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Part 2 is accompanied by a collection of 5 maps, showing the 
grouped sections of the Second Geological District. 
These are published in a separate envelope. 

Report of Progress. 1871. Geological Survey || of Ohio || Report 
of progress for 1871. || Printed by order of the General Assembly. 
12 pp. 8vo. Unbound. 

Contents: Title page as above; letter of transmittal of the Gov- 
ernor to the General Assembly; report of progress of the Geo- 
logical Survey of Ohio for the year 1871, pp. 3-9; report on the 
2d geological district by E. B. Andrews, pp. 11-12. 


Geology of Ohio. Report on-the Geological Survey of Ohio. Colum- 
bus, Ohio. 1873-1894. 
7v. in9. Illus. plates, maps, charts. 8vo. and 4to. 
Bound in black cloth, with ‘‘Geological Survey of Ohio;” volume 
title, and volume number on the back, in gilt. The earlier 
volumes had the seal of the Survey on side, in gilt. 


Geology of Ohio. Report || of the || Geological Survey of Ohio. || 
Volume 1. || Geology and Palaeontology. || Part 1 Geology. || Officers of 
the Survey. J. S. Newberry, chief geologist; Edward Orton, assistant 
geologist; E. B. Andrews, assistant geologist; T. G. Wormley, chemist; 
F. B. Meek, Pälaeontologist. || Published by authority of the Legislature 
of Ohio. || Columbus, Ohio. || Nevins and Myers, state printers. || 1873. 

5+3+680 p. Illus. 2 plates. Chart 13 maps, 9 colored, 
2 folded (col.), 2 black and white. 8vo. Bound in cloth, binder’s title, 
‘“‘Geologieal Survey of Ohio Geology Vol. 1,” in gilt on back. Seal of 
Survey on side in gilt. 

Contents: Title page as above; verso, members of the Geological 
board ; Geological Corps, 1689-72. Local and volunteer assistants 
with complete list of their names. Table of Contents: Part 1 
—Geology. Section 1—General geology, by J. S. Newberry, pp. 
1-167. Section 2—Local geology, pp. 171-645. 

Geology of Cuyahoga County. J.S. Newberry. pp. 171-200. 
Geology of Summit County. J.S. Newberry. pp. 201-22. 
Geology of Gallia County. E. B. Andrews. pp. 25-46. 

Geology of Meigs County. E. B. Andrews. pp. 247-60. 
Geology of Athens County. E. B. Andrews. pp. 261-93. 
Geology of Morgan County. E. B. Andrews. pp. 294-313. 
Geology of Muskingum County. E. B. Andrews. pp. 314-64. 
Geology of the Cincinnati group. Edward Orton. pp. 365-418. 
Geology of Hamilton County. Edward Orton. pp. 419-34. 
Geology of Clermont County. Edward Orton. pp. 435-49. 
Geology of Clark County. Edward Orton. pp. 4530-80. 

Geology of Ashtabula County. M.C. Read. pp. 481-92. 
Geology of Trumbull County. M.C. Read. pp. 493-509. 
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Geology of Lake County. M.C. Read. pp. 510-19. 

Geology of Geauga County. M.C. Read. pp. 520-33. 

Surface geology of the Maumee Valley. G. K. Gilbert. pp. 

535-56. 

Geology of Williams County. G. K. Gilbert. pp. 557-66. 

Geology of Fulton County. G. K. Gilbert. pp. 567-72. 

Geology of Lucas County. G. K. Gilbert. pp. 573-87. 

Geology of West Sister Island. G. K. Gilbert. pp. 588-90. 

Geology of Sandusky County. N. H. Winchell. pp. 593-610. 

Geology of Seneca County. N.H. Winchell. pp. 611-24. 

Geology of Wyandot County. N.H. Winchell. pp. 625-39. 

Geology of Marion County. N. H. Winchell. pp. 640—45. 

List of illustrations of part 1. 

Secondary title, Geological Survey of Ohio. Vol. 1, Part 1. 

Section 1. The general geological relations and structure of Ohio. 

Table of errata. | 

Reports. 

Appendix A. Tables of temperature and rainfall. pp. 650-65. 

Appendix B. Profiles of railroads and canals. pp. 666-72. 

Index to Vol. 1, Part 1. pp. 673-80. 

Accompanying this volume is a portfolio of maps, five in number, 

representing geological sections of the state. This volume is also printed 
in German. 


Geology of Ohio. Vol. 1. Part. 2. Report || of the || Geological 
Survey of Ohio. || Volume 1. || Geology and Palaeontology. || Part 2. 
Palaeontology. || Officers of the Survey; J. S. Newberry, chief geologist; 
Edward Orton, assistant geologist; E. B. Andrews, assistant geologist; 
T. G. Wormley, chemist; F. B. Meek, palaeontologist || Published 
by the Legislature of Ohio. || Columbus, || Nevins & Myers, state printers. 
|1873.. 

13+2+399+3 pages and 48 plates. Illus.# 4to. Bound in cloth, 
binder’s title, ‘‘Geological Survey of Ohio. || Palaeontology. || Vol. 1,” 
in gilt on the back. Seal of the Survey in gilt on the side. 20,000 
copies printed. 

Contents: Title page as above; verso blank; Members of the 

Geological Board; Geological Corps; and local and volunteer 

assistants; verso blank; Table of contents; verso blank. 

Preface, by J. S. Newberry, pref. pp. vii-xiii. 

Secondary title, Geological Survey of Ohio. Vol. 1. Part 2. 
Palaeontology. 

Section 1. Descriptions of invertebrate fossils of the Silurian 

and Devonian systems, by F. B. Meek. Letter of transmittal; 

Report, pp. 1-243. 

Section 2. Descriptions of fossil fishes, by J. S. Newberry. pp. 
247-355. 
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Section 3. Descriptions of fossil plants, by J. S. Newberry. 
pp. 359-85. 
Index, pp. 387-99. 
Errata. 
Diagrams of Crinoids, 3 pp. 
Plates. 
This volume was also printed in German. 


Geology of Ohio. Vol. 2. Part 1. Report || of the || Geological 
Survey of Ohio. || Volume 2. || Geology and Palaeontology. || Part 1. 
Geology. || Officers of the Survey. J. S. Newberry, chief geologist; E. B., 
Andrews, assistant geologist; Edward Orton, assistant geologist; T. G. 
Wormley, chemist; F. B. Meek, palaeontologist. || Published by authority — 
of the state of Ohio. || Columbus, Ohio. || Nevins & Myers, state printers. 
||. 1874. 


15+701 pp. Illus. Plates, maps, col. and plain. 8vo. Bound 
in cloth, binder’s title, ‘‘Geological Survey of Ohio. Geology. Vol. ii,” 
in gilt, on the back. Seal of the Survey on the side, in gilt. 20,000 
copies printed. 
Contents: Plate of glacial markings, frontispiece; title page as. 
above; verso blank; table of contents, pp. v—vii; preface, by J. 
S. Newberry, pp. ix-xv. 
Section 1. General geology. Surface geology, by J. S. New- 
berry, pp. 1-80. | 
The Carboniferous system, by J. S. Newberry pp. 81-180. 
Section 2. Local geology. pp. 183-696. 
Geology of Erie County and the Islands. J. S. Newberry. 
pp. 183-205. 
Geology of Lorain County. J.S. Newberry. pp. 206-24. 
Geology of Ottawa County. N. H. Winchell. pp. 227-35. 
Geology of Crawford County. N. H. Winchell. pp. 236-52. 
Geolagy of Morrow County. N. H. Winchell. pp. 253-71. 
Geology of Delaware County. N.H. Winchell. pp. 272-313. 
Geology of Van Wert County. N. H. Winchell. pp. 314-23. 
Geology of Union County. N. H. Winchell. pp. 324-34. 
Geology of Paulding County. N.H. Winchell. pp. 335-51. 
Geology of Hardin County. N.H. Winchell. pp. 352-57. 
Geology of Hancock County. N.H. Winchell. pp. 358-67. 
Geology of Wood County. N. H. Winchell. pp. 368-86. 
Geology of Putnam County. N.H. Winchell. pp. 387-96. 
Geology of Allen County. N.H. Winchell. pp. 397--403. 
Geology of Auglaize County. N. H. Winchell. pp. 404-09. 
Geology of Mercer County. N.H. Winchell. pp. 410-14. 
Geology of Henry County. N.H. Winchell. pp. 415-21. 
Geology of Defiance County. N.H. Winchell. pp. 422-38. 
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Surface geology of southeastern Ohio. E. B. Andrews. pp. 
441-52. 

Geology of Washington County. E. B. Andrews. pp. 453-508. 

Geology of Noble County. E. B, Andrews. pp. 509-28. 

Geology of Guernsey County (southern half). E. B. Andrews. 
pp. 529-42. 

Geology of Belmont County (southern half). E. B. Andrews. 
pp. 543-69. 

Geology of Monroe County. E. B. Andrews. pp. 570-87. 

Geology of Pickaway and Fairfield Counties. E. B. Andrews. 
pp. 588-608. 

Geology of Pike County. Edward Orton. pp. 611-41. 

Geology of Ross County. Edward Orton. pp. 642-58. 

Geology of Greene County. Edward Orton. pp. 659-96. 

Index pp. 697-701. 

Accompanying this volume is a collection of 4 maps, representing 
geological sections of local geology; 4 charts representing geological 
structure of large divisions of Ohio; 2 charts of palaeontological specimens. 

This volume is also found in the German edition, contents being simi- 
lar to the English edition. 


Geology of Ohio. Vol.2. Part2. Report || of the || Geological Sur- 
vey of Ohio. || Volume II || Geology and Palaeontology || Part II. 
Palaeontology. || Officers of the Survey; J. S. Newberry, chief geologist; 
E. B. Andrews, assistant geologist, Edward Orton, assistant geologist; 
T. G. Wormley, chemist; F. B. Meek, palaeontologist. || Published by 
authority of the Legislature of Ohio. || Columbus; || Nevins & Myers, 
state printers, || 1875. || 

8+435 pp.+59 plates. Illus. 4to. Bound in cloth, binder'’s title, 
“Geological Survey of Ohio. Palaeontology. Vol. II.” in gilt, on the 
back; seal of the Survey on the side. 20,000 copies of this volume were 
printed. 

Contents: Title page as above; members of the Geological Board, 

Geological Corps, and local and special assistants; table of con- 

tents; verso blank. 

Preface, by J. S. Newberry, pp. v-vili; 

Descriptions of fossil fishes, by J. 8. Newberry, pp. 1-64. 

Descriptions of Silurian fossils, by James Hall and R. P. Whit 
field. pp. 65-161. 

Descriptions of Crinoidea from the Waverly Group, by James 
Hall and R. P. Whitfield, pp. 162-179. 


Descriptions of the Corals of the Silurian and Devonian Systems, 
by H. H. Alleyne Nicholson, pp. 181-286. 


Descriptions of Invertebrate Fossils from the Carboniferous 
System, by F. B. Meek, pp. 269-347. 
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Synopsis of the Extinct Batrachia from the Coal Measures 
by E. D. Cope, pp. 349-411. 

Descriptions of Fossil Plants from Lower Carboniferous strata, 
by E. B. Andrews, p. 413-426. 

Index pp. 427-35. 

59 illustrative plates. 

This volume is also found in the German edition. The contents 
are similar to the English edition. 


Geology of Ohio, Volume 3. Report | of the || Geological Survey 
of Ohio. || Volume III. || Geology and Palaeontology. 

Part 1, Geology. | Officers of the Survey: J.S. Newberry, chief geol- 
ogist; E. B. Andrews, assistant geologist; Edward Orton, assistant geol- 
ogist; T. G. Wormley, chemist; F. B. Meek, palaeontologist. | Published 
by the authority of the Legislature of Ohio. | Columbus; | Nevins & 
Myers, state printers, | 1878. 

i+ 958 p. illus. plates, maps, col., 8vo. Bound in cloth, binder’s 
title, ‘“‘Geological Survey of Ohio. Geology. Vol. III,” in gilt on 
the back. Seal of the Survey on the side. 20,000 copies of this report 
were printed. 

Contents: Title page as above; members of the Geological 
Board, Corps, and local and special assistants; Table of Contents, 
p. iii-v; Preface, by J. S. Newberry, p. vii-viii. Part i, Geology. 
Section 1, General Geology. Review of Geological structure of 
Ohio, by J. S. Newberry, pp. 1-51. Section 2, Local Geology, 
pp. 52-944. 

Geology of Tuscarawas County. J.S. Newberry. pp. 52-89. 
Geology of Columbiana County. J.S. Newberry. pp. 90-132. 
Geology of Portage County. J.S. Newberry. pp. 133-50. 
Geology of Stark County. J.S. Newberry. pp. 151-76. 

Geology of Carroll County. J.J. Stevenson. pp. 177-99. 
Geology of Harrison County. J.J.Stevenson. pp. 200-18. 
Geology of Guernsey County. J.J.Stevenson. pp. 219-36. 
Geology of Muskingum County. J.J. Stevenson. pp. 237-60. 
Geology of Belmont County. J.J.Stevenson. pp. 261-87. 
Geology of Huron County. M.C. Read. pp. 289-309. 

Geology of Richland County. M.C. Read. pp. 310-24. 

Geology of Knox County. M.C. Read. pp. 325-47. 

Geology of Licking County. M.C. Read. pp. 348-61. 

Geology of Medina County. A.W. Wheat. pp. 362-80. 

Geology of Warren County. Edward Orton. pp. 381-91. 
Geology of Butler County. Edward Orton. pp. 392-403. 
Geology of Preble County. Edward Orton. pp. 404-19. 
Geology of Madison County. Edward Orton. pp. 420-28. 
Geology of Clinton and Fayette Counties. J. Hussey. pp. 429-47. 
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Geology of Shelby County. J. Hussey. pp. 448-67. 
Geology of Miami County. J. Hussey. pp. 468-81. 
Geology of Logan County. F.C. Hill. pp. 482-90. 
Geology of Champaign County. F.C. Hill. pp. 491-95. 
Geology of Darke County. A.C. Lindemuth. pp. 496-518. 
Geology of Ashland County. M.C. Read. pp. 519-28. 
Geology of Wayne County. M.C. Read. pp. 529-39. 
Geology of Holmes County. M.C. Read. pp. 540-61. 
Geology of Coshocton County. J.T. Hodge. pp. 562-95. 
Geology of Franklin County. Edward Orton. pp. 596-646. 
Geology of Hocking Valley Coal Field. M.C. Read. pp. 647-715. 
Geology of Jefferson County. J.S. Newberry. pp. 716-80. 
Geology of Mahoning County. J.S. Newberry. pp. 781-814. 
Supplemental Report on Perry County and Portions of Hocking 
and Athens Counties. E. B. Andrews. pp. 815-82. 
Supplemental Report on the Hanging Rock District. Edward 
Orton. pp. 883-941. 

Geology of Brown County. H.Herzer. pp. 942-44. 
Index, pp. 944-54. 
Illustrations of volume 3, Geology, pp. 955-56. 
Errata, pp. 957-58. 

This volume is accompanied by geological atlas. 

Volume 3, part 1, is printed in the German edition, the contents being 

similar to the English edition. 


Geological Atlas of Ohio, to accompany Vol. 3. 1879. 

Geological Survey of Ohio. (reological atlas of the state of Ohio 
prepared by J. S. Newberry, chief geologist. Published by authority 
of the legislature of Ohio, 1879. 

Contents: Geological map of the state in sections. 

Volume 4. Chart No. 2. Sections of shafts and slopes in the 
Mahoning Valley coal field, is sometimes bound with the Geological 
atlas. 


Geology of Ohio. Vol. 4 Part 1. Report || of the || Geological 
Survey of Ohio. || Volume 4. || Zoology and Botany. || Part 1 Zoology || 
Officers of the Survey: J. S. Newberry, chief geologist; Edward Orton, 
assistant geologist; E. B. Andrews, assistant geologist; T. G. Wormley, 
chemist; F. B. Meek, palacontologist; special assistants in Zoology 
and Botany: J. M. Wheaton, A. W. Brayton, H. C. Beardlee, D. S. 
Jordan, W. H. Smith, R. M. Byrnes. || Published by the authority of the 
legislature of Ohio. || Columbus, || Nevins & Myers, state printers. || 1882. || 

vin+1020 p. Svo. Bound in black cloth, binder’s title, ‘‘Geo- 
logical Survey of Ohio. Zoology and Botany. Volume iv,” in gilt on 
the back. 20,000 copies of this report were printed. 
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Contents: Title page as above; verso blank; table of contents; 

Part 1—Zoology, verso blank; preface, pp. v-vii. 

Section 1. Report on the Mammalia of Ohio, by A. W. Brayton, 
p. 1-185. 

Section 2. Report on the Birds of Ohio, by J. M. Wheaton, 
M. D., pp. 187-628. 

Section 3. Report on the Reptiles and Amphibians of Ohio, 
by W. H. Smith, M. D., Ph. D., pp. 629--734. 

Section 4. Report on the Fishes of Ohio, by David S. Jordan, 
M. D., pp. 735-1002. 

Index pp. 1003-1020. 

A German edition of this volume was printed, 1883, the contents 
being similar with the addition of ‘“‘Vorrede des Uebersetzens zur deutchen 
Ausgabe.” 

Geology of Ohio. Vol. 5. Report || of the || Geological Survey | 
of Ohio. || Volume V. || Economic Geology. Published by authority 
of the legislature of Ohio || Under the supervision of the state geologist. || 
Columbus. || G. J. Brand & Co., state printers. || 1884. | 

16+1124 pp. Hlus. Plates, tables, maps, 8vo. Bound in 

cloth, binder’s title, ‘Geological Survey of Ohio. Economic 
Geology Volume V,” in gilt on the back. Accompanving this 

volume is a collection of 8 maps representing the coal fields 

and counties of the state. 

Contents: Title page as above; verso blank; officers of the Sur- 

‘vey; Edward Orton, state geologist; N. W. Lord, chemist; assist- 

ants, J. N. Bradford, Mech. Eng., C. Newton Brown, Edward C. 

Downerd, John J. Dun, E. M., Frederick Keffer, E. M., Ellis 

Lovejoy, Emerson MeMillin, Edward Orton, Jr., E. M., Willis 

J. Root, Hon. Andrew Roy, Frederick W. Sperr, E. M., Prof. 

Albert A. Wright, Prof. G. Frederick Wright,; verso blank; 

Preface by Edward Orton, pp. v-xi: table of contents, pp. xii- 

xiii; list of illustrations, pp. xiv-xvi; 

Chap. 1. The stratigraphical order of the lower coal measures 
of Ohio, by Edward Orton, pp. 1 128. 

Chap. 2. The coal seams of the lower coal measures of Ohio, 
in part, by Edward Orton, pp. 129 -168. 

Chap. 3. Chapter 2 cont. pp. 169-300. 

Chap. 4. Coal Mining in Ohio, by Andrew Roy, St: ate Inspector 
of Mines, pp. 301-37 

Chap. 5. The iron ores of Ohio, by Edward Orton, pp. 371-435. 

Chap. 6. Iron manufacture of Ohio, by N. W. Lord, pp. 438 554 

Chap. 7. The manufacture of coke, by Henry Newton, pp. 
555-76. 

Chap. 7. Building stones of Ohio, from notes of Prof. Orton, 
pp. 578-642. 
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Chap. 8. The clays of Ohio, and the industries founded upon 
them, by Edward Orton, Jr., pp. 643-721. 

Chap. 10. The gas coals of Ohio, by Emerson MeMillin, pp. 
722-49. 

Chap. 11. The glacial boundary in Ohio, by Prof. G. Fred. 
Wright. pp. 750-72. 

Chap. 12-18. The coal seams of the lower coal measures of 
Ohio (cont.) by Edward Orton and Albert A. Wright, pp. 
113-1058. 

Chap. 19. The Meigs Creck coal seam in Morgan, Muskingum, 
Guernsey and Noble Counties, by C. Newton Brown, 
pp. 1059-1087. 

Chap. 29. Report of the chemical department, by N. W. Lord, 
pp. 1087-98. 

Tables of analysis, pp. 1099-1113. 

Index, pp. 1115 24. 


Preliminary report on petroleum, 1886. Cieological Survey of 
Ohio || Preliminary report || upon || Petroleum and inflammable gas || by || 
Edward Orton. state geologist. || Published by authority of the legis- 
lature. ji Columbus, Ohio. || The Westbote Co., state printers. || 1886. 

762.3 pp. Tus. 2 folded maps. Bound in cloth. 2,500 copies 
of this report were printed. 

Contents: Title page as above; 
Report, pp. 3 -76. 
Index, 3 pp. 

(2) Geological Survey of Ohio. || Preliminary report upon petro- 
leum and inflammable gas, | by Edward Orton, state geologist. || Re- 
printed for the author | with a supplement || Col. ©. | A.H.Smythe, || 1887. 

200 pp. lus. 2 folded maps. Bound in eloth, binder’s title, 
“Preliminary Report || Petroleum and Gas || Orton” || in gilt on the side. 
Contents: Title as above; Copyright by Edward Orton. 

Prefaee, pp. > o£. 

teport, pp. 5 110. 

Seeondarv title; Supplement to Preliminary report published in 
ISSS on pretroleum and inflammable gas by Edward 
Orton, state geologist. April, 1887. 

Contents: Report. pp. 115-93. 
index to preliminary report pp. 195 97. 
index to supplementary report pp. 198-200. 


Geology of Ohio. Vol. VI. Report | of the j; Geologieal Survey || 
of Ohio. Volume VEL! Keonomie Geology. ji Published by the authority 
af the legislature of Ohio „ Under the supervison of the state geologist. || 
Columbus. | The Westbote Co., state printers. || 1888. | 
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10+831 pp. Illus. plates, maps. 8vo. Bound in cloth, binder’s 

title, ‘‘Geological Survey of Ohio. Economic Geology, Volume VI.” in 
gilt, on the back. 2,500 copies of this report were printed. 

Contents: Title page as above; verso blank; officers of the Survey. 

Edward Orton, state geologist; N. W. Lord, chemist; assistants, 

F.W. Minshall, F. H. Newell, Emerson McMillin, C. Newton Brown, 

S. W. Robinson, Ellis Lovejoy, Willis J. Root, M. R. Campbell, 

draughtsman; verso blank; preface, pp. v-viil; table of contents, 


p. ix; 


Chap. 
Chap. 
Chap. 
Chap. 
Chap. 
Chap. 
Chap. 
Chap. 


Chap. 


Chap. 


Chap. 
Chap. 
Chap. 
Chap. 
Chap. 
Chap. 


Chap. 


list of illustrations and maps, p. x. : 

1. The geology of Ohio considered in its relation to 
petroleum and natural gas, by Edward Orton, p. 1-59. 

2. The origin and accumulation of petroleum and 
natural gas by Edward Orton, pp. 60-100. 

3. The Trenton limestone as a source of oil and gas 
in Ohio, by Edward Orton, pp. 101-310. 

4. Berea grit as a source of oil and gas in Ohio, by 
Edward Orton, pp. 311-409. 

5. The Ohio shale as a source of oil and gas in Ohio, by 
Edward Orton, pp. 410-42. 

6. The history and development of the Macksburg 
oil field, by F. W. Minshall, pp. 443-75. 

7. The drilling and care of oil wells, by Fred H. Newell, 
pp. 476-515. 

8. The transportation, uses and modes of using natural 
gas, by Emerson McMillin, pp. 516-46. 

9. Measurement of gas wells, and other gas streams, 
and the piping of natural gas, by Prof. S. W. Robinson, 
pp. 548-94. 

10. The Pittsburg coal seam in Jefferson, Belmont, 
and Guernsey Counties, by Prof. C. Newton Brown, pp. 
595-626. 

ll. The Pomeroy and Federal Creek coal field, by Ellis 
Lovejoy, pp. 627-652. 

12. The manufacture of salt and bromine, by W. J. 
Root, pp. 653-70. . 

13 Natural and artificial cements, by N. W. Lord, pp. 
671-9. | 

14. Gypsum or land plaster in Ohio, by Edward Orton, 
pp. 696-702. 

15. The production of lime in Ohio, by Edward Orton, 
pp. 703-72. 

16. The drift deposits of Ohio, by Edward Orton, pp. 
772-82. 

17. Supplemental report on the new gas fields and 
oil of Ohio, by Edward Orton, pp. 783-92. 
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Appendix. Table of elevations in Ohio, pp. 793-820. 
Index pp. 821-31. 


Accompanying this volume is a collection of 4 maps, consisting 
of a geological map of Ohio, oil and gas fields of certain counties, and 
certain geological structure of the state. Title is ‘‘Maps. Geology 
of Ohio—Volume 6. Edward Orton, state geologist, 1888.” 


OHIO GEOLOGICAL SURVEY, THIRD ORGANIZATION 1889-93, 


First Annual Report || of the || Geological Survey of Ohio || (Third 
Organization) By Edward Orton, state geologist || Published by 
authority of the legislature. || Columbus, Ohio. || The Westbote Co., 
state printers. || 1890. 

6+(2)+323 pp. Plates. Bound in cloth, binder’s title, ‘Geo- 
logical Survey of Ohio, 1890. Orton,” in gilt on the back. 

Contents: Title page as above; verso blank; officers of the Survey; 

verso blank; preface, pp. v—vi; table of contents; list of illus- 

trations and maps; secondary title, Geological Survey of Ohio An- 

nual report, 1890. 

Introduction, pp. 1-8. Ä 

Chap. 1. Geological scale and geological structure in Ohio, 
pp. 9-54. 

Chap. 2. Origin and accumulation of petroleum and natural 
gas, pp. 55-104. 

Chap. 3. The Trenton limestone as a source of oil and gas, 
pp. 105-226. 

Chap. 4. The Clinton limestone as a source of oil and gas, 
pp. 227-47. 

Chap. 5. Remaining sources of oil and gas in Ohio, pp. 248-58. 

Chap. 6. The utilization of oil and gas in Ohio, pp. 259-80. 

Chap. 7. The measurement of natural gas, by S. W. Robinson, 
pp. 281-395. | 

Chap. 8. The Wood County oil field, pp. 306-315. 

Index pp. 316-23. 

With this volume are two maps of the oil and gas fields of cer- 
tain specified counties of Ohio. 


Geology of Ohio. Vol. VII. Report || of the || Geological Survey || 
of Ohio || Volume VII. || Economic Geology. || Archaeology. || Botany. || 
Palaeontology. || Published by authority of the legislature of Ohio. || 
Norwalk, Ohio. || The Laning Co., state printers. || 1893-4. 

16+ 290+ 700 pp.+56 plates. Illus. plates, map. Bound in cloth, 
binder’s title, ‘Geological Survey of Ohio. Geology. Vol. VII,’ in 
gilt, on the back. 7,500 copies of this report were printed. This is the 
complete Volume VII, containing both parts 1 and 2. 
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Contents: Frontispiece, geological map of Ohio; title page as 

above; verso blank; officers of the Survey; verso blank; preface by 

Edward Orton, pp. v-xvi; contents, list of illustrations and maps. 

Part 1. Economic. 

Chap. 1. Geological scale and geological structure of Ohio, 
‘by Prof. Edward Orton, pp. 3-41. 

Chap. 2. The clays of Ohio, their origin, composition, and 
variety, by Prof. Edward Orton, pp. 45-68. 

Chap. 3. The clay working industries of Ohio, by Edward 
Orton, Jr., pp. 69-254. 

Chap. 4. The coal fields of Ohio, by Prof. Edward Orton, 
pp. 255-290. 

Part 2. General. 

Chap. 1. The archacology of Ohio, by Gerard Fowke, pp. 3-55. 

Chap. 2. The botany of Ohio, Prof. W. A. Kellerman and . 
W. C. Werner, pp. 56-406. 

Chap. 3. Contributions to the palacontology of Ohio. Prof. 
R. T. Whitfield, pp. 407-94. 

Chap. 4. Observations on the so-called Waverly group of 
Ohio. Prof. C. L. Herrick, pp. 495-515. 

Chap. 5. Fossils of the Clinton group in Ohio and Indiana. 
Aug. If. Foerste, pp. 516- 601. 

Chap. 6. The fossil fishes of Ohio. Profs. -E. W. Claypole 
and A. A. Wright, pp. 602-26. 

Chap. 7. New and little known Lamellibranchiata from the 
Lower Silurian rocks of Ohio and adjacent states. E. 
OÖ. Ulrich, pp. 627 -93. 

General index, pp. 695-97. 

Palaeontological index, pp. 698 :700. 

Palaeontological plates, 56. 

Accompanied by a collection of 10 maps representing ‘“Outerop 
boundaries of prineipal coal seams.’ Title, “1893. Geology of Ohio. 
Vol. VII. Edward Orton, state geologist.” Belongs to Vol. VII 
Part 1, only. 


OHIO GEOLOGICAL SURVEY--FOURTH SERIES, 1903. 


Report of Petroleum and Natural Gas in Ohio. (ieological Sur- 
vey of Ohio || Edward Orton, Jr., State Geologist. || Fourth 
Series, Bulletin No. 1. || The || Oeeurrenee and exploitation || 
of || Petroleum and Natural Gas || in Ohio, || by John Adams Bownocker, 
D. Se., || Professor of Inorganic Geology Ohio State University. || Pub- 
lished under the authority of the legislature of Ohio, under the; super- 
vision of the State Geologist. || Columbus, Ohio, December, 1903. 

xxli+325 pp. Plates, maps. Bound in cloth, binder's title, ‘“Geo- 
logical || Survey || of || Ohio | Fourth series || Bulletin 1 | Oil || and | 
Gas || Bownocker || 1903.’ 
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Contents: Title page as above; verso, printer’s notice; letter of 

transmittal to the Governor; list of officers of the Survey. 

The organization and work of the Geological Survey of Ohio, 
by Prof. Edward Orton, Jr., State Geologist, pp. i-xxii. 

Secondary title page; letter of transmittal of Professor Bownocker 
to the state geologist; contents of the report; list of illus- 
trations. 

Report on the oil and gas producing rocks of Ohio, by J. A. 
Bownocker, pp. 17-320. 

Index, pp. 321-325. 


Report on uses of Hydraulic cement. Geological Survey of Ohio, || 
Edward Orton, Jr., State Geologist. || Fourth Series, Bulletin No. 2. || 
The || Uses of Hydraulic Cement || by Frank Harvey Eno, C. E. | 
Associate Professor of Civil Engineering, Ohio State University. || Pub- 
lished by authority of the legislature of Ohio, under the supervision 
of the state geologist. || Columbus, Ohio, September, 1904. 

16+260: pp. Illus. Bound in cloth, binder’s title, ‘Geological 
Survey of Ohio, Fourth Series, Bulletin No. 2. Uses of Hydraulic 
cement, Eno, 1904.” 

Contents: Title page as above; verso, printer’s notice; letter of 
transmittal to the Governor; list of officers of the Survey. An- 
nouncements by the state geologist, pp. vili-xvi. Secondary title 
page; verso blank; letter of transmittal of Professor Eno, to state 
geologist; table of contents; pp. 5-7; tables, p. 8; list of 
illustrations, pp. 9-12; Author’s introduction, pp. 13-15. 
Report, pp. 17-248. 

Chap. 1. Brief history of cement, pp. 17-22. 


Chap. 2. Uses of cement in mortars, pp. 23-62. 

Chap. 3. Uses of cement in concrete, pp. 63-123. 

Chap. 4. Uses of cement in reinforced concrete, pp. 124-88 
Chap. 5. Specifications for concrete materials, pp. 189-222. 
Chap. 6. Machinery and tools, pp. 223-48. 


Index, pp. 249-60. 


Manufacture of Cements. Geological Survey of Ohio. || Edward 
Orton, Jr., State Geologist. || Fourth series, Bulletin No. 3. || The | 
Manufacture || of || Hydraulic Cements, || by || Albert Victor Bleininger, 
B. Se., || Instructor in Ceramics, Ohio State University. || Published by 
authority of the legislature of Ohio, under the || supervision of the state 
geologist. || Columbus, Ohio, December, 1904. 

14+(2)+391 pp. Illus. 2 pl. 

Contents: Title page as above; verso, printer’s notice; letter of 
transmittal to the Governor; verso blank; list of officers of the Sur- 
vey; announcements by the state geologist ; pp. vii-xiv; secondary 
title page; verso blank; letter of transmittal of Mr. Bleininger 
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to state geologist; table of contents, pp. 13- 19: illustrations, 

pp. 19-21; Author’s preface, pp. 23-24: Report on the manu- 

facture of cements, pp. 25-378. . 

Chap. 1. General considerations on the hydraulic cements, pp. 
25-40. 

Chap. 2. Raw materials of the cement industry, pp. 41-101. 

Chap. 3. Chemical and Physical examination of cement 
materials, pp. 102-57. 

Chap. 4. Manufacture of Pozzuolane and natural cements, 
pp. 158-96. 

Chap. 5. On the nature of Portland cement, pp. 197-222. 

Chap. 6. The compounding of Portland cement mixtures. 
pp. 223-47. 

Chap. 7. Winning and preparation of the raw materials, 
pp. 248-87. 

Chap. 8. The Burning of Portland cement—The grinding 
of the clinker and general arrangement of plants, pp. 288- 
335. 

Chap. 9. The properties of Portland cement and the test- 
ing of cement, pp. 336-78. 


Index, pp. 381-91. 


Geology of Ohio, Volume VIII. Geological || Survey || of || Ohio. || 
Economic || Geology. || Volume VIII. || 1906. 


Report || of the || Geological Survey || of Ohio. || Volume VIII. | 


Comprising reports on various || mineral industries. Published by 
authority of the legislature of Ohio, || under the supervision of || Edward 
Orton, Jr., state geologist. || Columbus, Ohio, January,1906. Binding 
similar to rest of set. 


Contents: Title page as above; Letter of transmittal from state 

geologist to Governor; Organization and work of state geologist. 

Bulletin 1. The occurrence and exploitation of petroleum and 
natural gas in Ohio, by John Adams Bownocker, D. Sc. 

Bulletin 2. Uses of hydraulic cements, by Frank Harvey Eno, 
C. E. ' 

Bulletin 3. The manufacture of hydraulic cements, by Albert 
Victor Bleininger, B. Se. 


Limestones and Lime Industry of Ohio. Geological Survey of Ohio. 
|| Edward Orton, State Geologist. || Fourth series, Bulletin No. 4. || The 
Limestones and Lime Industry of Ohio, || by || Edward Orton, Jr., and 
S. V. Peppel. || Published by authority of the legislature of Ohio, by 
state geologist. ‚| Columbus, Ohio, July, 1906. || 
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SUBJECT INDEX OF OlLIO REPORTS. 30 


Contents: Title page as above; verso, printer's notice; letter of 
transmittal to the Governor; offieers of the Surveys announces 
ments by state geologist, po vil; Letter of transmittal, p. 3s table 
of contents, p. 5; table of illustrations, po 11; preface, p. 18; 
Report, p. 17 308. 
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logical Survey of Ohio. || Ledward Orton, Jr, State Geologist. || Mourth 
series, Bulletin No. 5. | The Manufneture || of || Artificial Sandstone || or 
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Orton, Jr., State Geologist || Fourth Series, Bulletin No. 6.||A Bibli- 
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Derby, B. Ph., B. A. || Part Two || A Bibliography of the publications 
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stone or Sand-lime Brick. Peppel, 
1905. QO. .Geol. Sur. Bull. 5. 
Bulletin 6. Bibliography. 1906. 
Part 1. Subject index of the publica- 
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40 BIBLIOGRAPHY OF OHIO GEOLOGY. 


Adams County. Orton, Jr. Composition of limestones with retcrence 
to their fitness for portland cement manufacture. O. Geol. 
Sur., Bull. 4, pp. 32-36. 
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township, p. 80. Richland township, p. 79. Shawnee township, 
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pp. 441-608. 
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List of Angiosperms in Ohio. Geol. of O., v. 7, pt. 2, pp. 
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township, pp. 559-60. Smith township, pp. 555-58. Somerton 
township, pp. 550-51. Warren township, pp. 545-50. Wash- 
ington township, pp. 567-69. Wayne township, p. 569. York | 
township, pp. 565-67. | 
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Belmont County. Bownocker. Oil and gas production. O. Geol. Sur., 
Bull. No. 1, pp. 214-21. Geologic map showing oil and gas 
territories in Belmont county, 22x17.6 cm., opp. p. 214. 

——- -Lownocker. Oil and gas wells. O. Geol. Sur., Bull. No. 1, pp. 
214-21. Goshen township, p. 218. Kirkwood township, p. 219. 
Pease township, pp. 219--20. TPultney township, p. 219. Rich- 
land township, p. 219. Smith township, p. 219. Washington 
township, pp. 220-21. Wayne township, p. 218. Wheeling 

‘township, p. 221. York township, p. 221. 

——--—Brown. Pittsburg Coal Seam. Geol. of O., v. 6, pp. 605-23. 
Colerain township, pp. 608--09. Flushing township, pp. 611-12. 
Goshen township, p. 622. Kirkwood township, pp. 612-13. 
Mead Township, p. 620. Pease township, pp. 605-068. Pultney 
township, pp. 615-20. Richland township, pp. 614-15. Somer- 
set township, p. 623. Union township, p. 614. Warren town- 
ship, pp. 622-23. Washington township, pp. 621-22. Wheeling 
township, pp. 609-11. York township, pp. 620-21. 

——-—Orton, Jr., and Peppel. Composition of limestones, with reference 
to their fitness for portland cement. O. Geol. Sur., Bull. No. 4, 
pp. 40-47. 

—-—-Read. Local geology. Geol. of O., v. 3, p. 271-85, Colerain 
township, pp. 278-80. Flushing township, pp. 275-76. Goshen 
township, pp. 271-72. Kirkwood township, pp. 272--73. Pease 
township, pp. 280-85. Pultney township, p. 285. © Union 
township, p. 274. Warren township, pp. 268-7]. Wheeling 
township, pp. 276-78. 

—-——Stevenson. Geology. Geol. of O., v. 3, pp. 261--87. 





Stevenson. Topography and Resources. Ceol. of O., v. 3, p. 261. 


Benching. Orton, Jr., and Peppel. Methods of winning Ferriferous 
limestone in Ohio. O. Geol. Sur., Bull. No. 4, pp. 183-85. 


Berea Grit. Building stones of Ohio Ceol. of O., v. 5, pp. 578-90, 594-95. 

—Bownocker. Oil and gas producing rocks in Ohio. O. Geol. Sur. 

Bull. No. 1, pp. 22-23. 

-Herrick. Berea grit and its fossils in Ohio. Geol. of O., v. 7, 

pt. 2, p. 508. 

Newberry. Berea grit in Cuyahoga county. Geol. of O.. v. 1, 

pt. 1, pp. 186-88. 

— —-Newberry. Berea grit in Lorain county. Geol. of O.,v. 2.pt. 1, 
pp. 211-12. 

———-Newberry. Berea grit in Ohio. Geol. of O.. v. 2. pt. 1, pp. S8- ©. 











-—-- — -Newberry. Berea grit in Summit county. Geol. of O.. v. 1, pt. 
1, pp. 209-10. 
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Berea Grit. Newberry. Fossils. Geol. of O., v. 2, pt. 1, p. 90. 

Orton. Berea grit and Ohio shale as sources of gas. Prelim. 
Rep. on petroleum and inflamable gas, 1887. pp. 76-78. 

Orton. Berea grit as a source of gas and oil in Ohio. Prelim. 
Rep. on petroleum and inflammable gas, 1887, pp. 79-90. Edition 
1886, pp. 54-62. 

———Orton. [Berea grit as a source of oil and gas in Ohio. Geol. of O. 
v. 6, pp. 311-409. Rep. 1890, pp. 249-58. 

Orton. Bereagritin Ohio. Geol. of O., v. 6, pp. 35-6. Rep.1890, 
pp. 35-67; Geol. of O., v. 7, pp. 28-30. 

Read. Berea grit in Ashtabula county. Geol. of O., v. 1, pt. 1. 
pp. 483-85. | 
Read. Berea grit in Geauga county. Rep. Prog. 1870, pp. 468- 
69. Geol. of O., v. 1, pt. 1, pp. 523-25. . 
Read. Berea grit in Huron county. Geol. of O., v. 3, pp. 301-05. 
Read. Berea grit in Lake county. Geol. of O., v. 1, pt. 1, pp. 





























512-14. 

Read. Berea grit in Trumbu! county. Geol. of O., v. 1, pt. 1, 
pp. 504-08. 

Winchell. Berea grit in Morrow county. Geol. of O., v. 2, pt. 1, 
pp. 259-63. 


Berea Sandstone. Bownocker. Oilsand of Corning field, Perry county. 
O. Geol. Sur., Bull. No. 1, p. 262. 


Berea Shale. Herrick. Berea shale and its fossils. Geol. of O., v. 7, 
pt. 2, p. 508. 
Orton. Berea shale in Ohio. Geol. of O., v. 6, pp. 36-7. Same, 
in part, Rep. 1890, p. 37. 
Berea shale or Waverly black shale in Ohio. Geol. of O., v. 7, 
p. 30. u 
———Prosser. Berea shale equals Sunbury shale in the revised geo- 
logical scale of Ohio. O. Geol. Sur., Bull. No. 7, p. 19. 
Berea Shale, see also Sunbury Shale. 








Birds. Check List of Ohio Birds, with Dates of their Occurence. Geol. 
of O., v. 4, pp. 570-84 

—-Genera and Species. Accipiter coopoeri, pp. 421-22. Aceipiter 
Fuscus, pp. 420-21. Actiturus bartramius, pp. 489-90. Aegillitis 
meloda, pp. 459-60. Aegillitis semipalmata, pp. 458-59. Aegillitis 
vocifera, pp. 457-58. Aegiothus linaria, pp. 319-20. Agelweus 
Pheeniceus, pp. 355-56. Aix sponsa, pp. 528-29. Alauda arvansis, 
p. 234-35. | Ampelis cedrorum, pp. 296-97. Ampelis garrulus, 
pp. 294-96. Anas boschas, pp. 522-23. Anas obscura, pp. 523 
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-24. Anorthura troglodites, pp. 231-32. Anser albifrons (gam- 
beli), pp. 517-18. Anser coerulescens, pp. 519-20. Anser hyper- 
boreus, pp. 520-21. Anthus ludovicianus, pp. 236-37. Ant os- 
timus vociferus, pp. 382-83. Aquila chryseatus, pp. 432-33. 
Archibuteo lagopus, pp. 430-31. Ardea candidissima, pp. 502-03. 
Ardea egretta, p. 501. Ardea herodias, pp. 500-01. Ardea 
virescens, p. 504. Astur atricappilus, pp. 422-23. Ardetta exilis, 
pp. 505-06. 


Bonasa umbellus, pp. 446-47. Botaurus minor, pp. 504-05. 
Branta bernicla, pp. 520-21. DBranta canadensis, p. 521. 
Branta canadensis hutchinsii, p. 522. Brachyotus palustris, 
pp. 410-11. DBubo virginianus, p. 407. Bucephale albeola, 
pp. 533-34. Bucephale clangula, p. 533. Buteo aquilinus, pp. 
427-28. Buteo lineatus, pp. 428-29. Buteo pennsylvanicus, 


. pp. 429-30. 


Calidris arenaria, pp. 478-79. Cardinalisvirginianus, pp. 348-50. 
Carpodacus purpureus, pp. 315-16. Cathartes atratus, pp. 439 
-40. Cathartes aura, pp. 437-39. Centurus carolinus, pp. 399 
-400. Certhia familiaris, pp. 226-27. Ceryle aleyon, pp. 389-90. 
Chetura pelagica, pp. 385-87. Charadrius fulvus (virginicus), pp. 
456-57. Chaulelasmus streperus, pp. 524-25. Chondestes gram- 
maca, pp. 339-41. Chordeiles virginianus, pp. 383-85. Chryso- 
mitris pinus, pp. 320-22. Chrysomitris tristis, p. 322. Circus 
cyaneus (hudsonius), pp. 417-18. Cistothorus stellaris, pp. 233 
-34. Coccyzus americanus, pp. 392-93. Coccyzus erythroph- 
thalmus, pp. 390-92. Colaptes auratus, pp. 401-02. Colymbus 
Arcticus, p. 565. Colymbus septentrionalis, p. 565. Colymbus 
torquatus, pp. 564-65. Contopus borealis, pp. 371-72. Contopus 
virens, pp. 372-73. Conurus carolinensis, pp. 403-05. Corvus 
americanus, pp. 364-65. Corvus corax, pp. 363-64. Coturnicus 
henslovii, p. 328. Coturnicus passerinus, pp. 327-28. Cotyle 
riparia, pp. 290--91. Cupidonia cupido, pp. 445-46. Cyanospiza 
Cyanea, pp. 347-48. Cyanurus cristatus, pp. 365-66. Cygnus 
americanus, pp. 516-17. Cygnus buceinape, p. 516. 


Dalfila Asuta, p. 524. Dendraca aestiva, pp. 246-47. Dendraca 
blackburnig, pp. 252-53. Dendrceca coerulea, pp. 249 51. Dend- 
roeca castanea, pp. 254-55. Dendrocea coronata, pp. 251-52. Dend- 
reea discolor, pp. 259-60.) Dendrocca (albilora), dominica pp. 
260-62. Dendreeca kirklandii, pp. 263-65. Dendrerca (albilora) 
Maculosa, pp. 257-58.  Dendraeeca palmarum, pp. 265 -66. 
Dendrceca pennsylvanica, pp. 256-57. Dendreeca pinus, pp. 266 
-67. Dendrocca striata, pp. 253 -54. Dendreeea tigrina,pp.258-59. 
Dendreca virens, pp. 247-48. Dolichonyx oryzivorus, pp. 351-53. 
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Birds. Ectopistes macrura, pp. 440-42. Elanoides forficatus, pp. 418-19. 
Epidonax acadicus, pp. 373-75. Epidonax flaviventes, pp. 380-81. 
Epidonax minimus, p. 379. Epidonax traill , pp. 375-79. Eremo- 
phila alpestris, pp. 235-36. Ereunetes pusillus, p. 472. Erismat- 
ura rubida, p. 539. Euspiza americana, pp. 343-45. 


Falco Communis, pp. 423-24. Falco columbaris, p. p. 424-25. 
Falco sparverius, pp. 425-27. Fulcia americana, p. 515. Fuligula 
affun s, p. 530. Fuligula collaris, pp. 530-31. Yuligula ferina, 
p. 531. Fuligula marila, pp. 529-30. Fuligula vallisneria, p. 532. 
Gallinula galeata, pp. 512-13. Gallinago wilsoni, pp. 469-70. 
Geothlypis philadelphia, p. 276. Geothlypis triachus, pp. 275-76. 
Goniaphea ludoviciana, pp. 346-47. Graculus dilophus, pp. 543-44. 
Graculus dilophus (floridanus), pp. 544-45. Grus americana, 
pp. 507-08. Grus canadansis, p. 508. 


Haliztus leucocephalus, pp. 434-36. Harporhynchus rufus, pp. 
211-12. Heralda glacialis, pp. 534-35. Hesperiphona vespertina, 
pp. 313-14. Himantopus nigricollis, pp. 463-65. Hirundo 
erythrogastra, pp. 286-87. Hyloptomus pileatus, pp. 394-95. 


Icteria virens, pp. 277-79. Icterus baltimore, pp. 359-60. Icterus 
spurius, pp. 358-59. 
Junco hyemalis, pp. 332-33. 


Lanius borealis, pp. 306-09. Lanius ludovicianus, var. ludovic- 
lanus, pp. 309-10. Lanius ludovicianus, var. excubitorides pp. 
310-313. Larus argentatus, pp. 548-49. Larus delawarensis, p. 
549. Larus marinus, p. 547. Larus leucopterus, pp. 546-47. Larus 
philadelphia, pp. 550-52. Larus tridactylus, pp. 549-50. Limosa 
fedoa, pp. 479-81. Limosa haemastica, p. 481. Lobipes hyper- 
boreus, pp. 466-67. © Lophophanes bicolor, pp. 221-22. 
Loxia curvirostra, pp. 316-18. Loxia leucoptera, pp. 318-9. 
Melegris gallopavo (Americana), pp. 443-44. Melanerpes ery- 
throcephalus, pp. 400-01. Melospiza lincolni, p. 329. Melospiza 
melodia, pp. 330-32. Melospiza palustris, pp. 329-30. Meraca 
americana, pp. 525-26. Mergus cucullatus, pp. 541-42. Mergus 
merganser, p. 540. AMergusserrator, p. 541. Micropalma himant- 
opus, p. 471.  Microrhamphus griseus, pp. 470-71. Mimus 
carolinensus, pp. 210-11. Mimus polyglottus, pp. 209-10. Molo- 
thrus ater, pp. 353-55. Myiarchus crinitus, pp. 368-69. Myiodi- 
octes canadensis, pp. 281-82. Myiodioctes mitratus, pp. 279-80. 
Myiodioctes pusillus, p. 281. 

Numenius borealis, pp. 493-95. Numenius hudsonicus, pp. 
492-93. Numenius longirostris, pp. 491-92. Nyctale acadica, 
pp. 415-17. Nyctea scandiaca, pp. 412-14. Nyctiardea grisea 
(nsvia), p. 504. 


4—S. G.— Bull. 6. 
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Birds. Oedemia americana, pp. 537-38. Oedemia fusca, pp. 538-39. 


Oporornis agilis, pp. 272-73. Oporornis formosus, pp. 273-75. 
Ortyx virginianus, pp. 448-55. Otus vulgaris, pp. 409-10. 


Pandion halietus, pp. 431-32. Passer domesticus, pp. 341-42. 
Passerculus savanna, pp. 325-26. Passerella iliaca, pp. 342-43. 
Parus atricapillus, pp. 222-23. Parus carolinensis, pp. 223-24. 
Pelgadis falcinellus, pp. 497-99. Pelicanus trachyrhynchus, pp. 
542-43. Petrochelidon lunifrons, pp. 288-90. Phalaropus fuli- 
carius, pp. 467-68. Philchela minor, pp. 468-69. Philomanchus 
pugnax, pp. 488-89. Picoides arcticus,p. 397. Picus pubescens, 
p. 396. Picus villosus, pp. 395-96. Pinicola enuncleatos, pp. 
314-15. Pipilo erythropthalmus, pp. 350-55. Plectrophanes lap- 
ponicus, pp. 324-25. Plectrophanes nivalis, pp. 323-24. Podiceps 
cornutus, pp. 567-68. Podiceps griseigena, pp. 566-67. Podilym- 
bus podiceps, pp. 568-69. Pocetes gramineus, pp. 326-27. © 
Polioptila coerulea, pp. 217-20. Porphyrio martinica, p. 514. 
Porzana carolina, pp. 510-11. Porzana noveboracensis, pp. 
511-12. Progne subis, pp. 292-94. Pyranga aestiva, pp. 284-85. 
Pyranga rubra, p. 284. 


Querquedula carolinensis, p. 526. Querquedula discors, p. 527. 
Quiscalis purpureus, pp. 361-63. 


Rallus elegans, p. 509. Rallus virginianus, pp. 509-10. Recurvi- 
rostra americana, pp. 461-62. Regulus calendula, pp. 214-15. 
Regulus satrapa, pp. 215-16. 


Sayornis fuscus, pp. 369-71. Scolecophagus perrugineus, pp. 
360-61. Scops asio, pp. 408-09. Setophaga ruticilla, pp. 282-83. 
Sialia sialis, pp. 212-14. Sitta canadensis, pp. 225-26. Sitta 
carolinensis, pp. 224-25. Sitta pusilla, p.226. Siurus auricapillus, 
pp. 267-68. Siurus motacilla, pp. 269-71. Siurus nevius, pp. 
268-69. Somateria spectabilis, pp. 535-37. Spatula clypeata, 
pp. 527-28. Sphyrapicus varius, pp. 397-99. Spizella monticala, 


. pp. 333-34. Spizella pusilla, pp. 335-36. Spizella socialis, pp. 


334-35. Squatarola helvitica, pp. 455-56. Steganopus wilsoni, pp. 
464-66. Sterna anglica, pp. 552-53. Sterna antillarum, p. 562. 
Sterna dougalli, pp. 561-62. Sterna fluviatilis, pp. 553-60. 
Sterna fosteri, pp. 560-61. Sterna hydrochelidon lar:formis, 
pp. 562-64. Strepsilas interpres, pp. 460-61. Stelgidopteryx 
serripenis, pp. 291-92. Strix flamma, pp 406-07. Sturnella 
magna, pp. 357-58. Surnia ulula, pp. 414-15. Syrnium cinereum, 
pp. 411-12. Syrnium nebulosum, p. 412. 


Tachycineta bicolor, pp. 287-88. Tantalus loculator, pp. 495-97. 
Telmatodyes palustris, pp. 232-33. Thryothorus ludovicianus, 
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Birds. pp. 228-30. Totanus flavipes, pp. 484-85. Totanus melaneleu- 
cus, pp. 483-84. Totanus semipalmatus, pp. 482-83. Totanus 
solitarius, pp. 485-87. Tringa alpina (americana), pp. 477-78. 
Tringa bairdii, pp. 473-75. Tringa canutus, p. 478. Tringa 
fuscicollis, pp. 475-76. Tringa maculata, p. 475. Tringa maritima, 
pp. 476-77. Tringa minutilla, p. 473. Tringoides macularius, 
pp. 487-88. Trochilus colubris, pp. 387-88. Troglodytes domes- 
ticus, pp. 230-31. Tryngites rufescens, pp. 491. Turdus 
fuscescens, pp. 208-09. Turdus migratorius, pp. 204-05. Turdus 
mustelinus, pp. 205-06. Turdus pallasi, pp. 206-07. Turdus 
swainsoni, pp. 207-08. Turdusswainsoni alicle, p. 208. Tyrannus 
carolinensis, pp. 367-68. 


Vireo flavifrons, pp. 302-03. Vireo gilvus, pp. 301-02. 
Vireo novaboracensis, pp. 304-06. Vireo olivaceus, pp. 298-99. 
Vireo philadelphieus, pp. 299-301. Vireo solitarius, pp. 303-04. 


Xanthocephalus icterocephalus, pp. 356-57. Xema sabinei, p. 
553. oo 


Zenedura carolinensis, pp. 442-43. Zonotrichia. albicollis, 
pp. 336-37. Zonotrichia leucophrys, pp. 337-38. gg fF | “Y 


——Kirtland. Catalogue of the mammalia, birds, reptiles, etc., in 
Ohio. Ann. Rep., v. 2, 1838, pp. 161-67. 


Kirtland. Notes. and Observations. Ann. Rep., v. 2, 1838, 
pp. 177-87. 


Wheaton. Additions, additional references and corrections to 
list of Ohio birds. Geol. of O., v. 4, pp. 588-94. ° 


Wheaton. Bibliography of Ohio ornithology. Geol. of O., v. 4, 
pt. 594-612. 


Wheaton. Glossary of technical terms used in the descriptions 
of Ohio birds. Geol. of O., v. 4, pp. 620-28. 


Wheaton. List of birds observed in my garden. Geol. of O., v. 
4, pp. 585-87. 


Wheaton. On the relation between latitude and the pattern of 
coloration in Ohio birds. Geol. of O., v. 4, pp. 613-19. 


Wheaton. Report on the birds of Ohio. Geol. of O., v. 4, pp. 
189-628. Bibliography, pp. 594-612; Glossary, pp. 620-28. 
Blackband Ore. Orton. Blackband ore in Hocking valley. Geol. of O., 
v. 5, pp. 406-12. 

Blackband in Holmes county. Geol. of O., v. 5, pp. 399-402. 


Blackband and mountain ores in Stark, Carroll and Tuscarawas 
counties. Geol. of O., v. 5, pp. 386-98. 
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Blackband Ore Analysis. Lord. Blackband ores in Stark, Carroll and 
Tuscarawas counties. Geol. of O., v. 5, pp. 388-389-396. 





Wormley and Andrews. Ore in Holmes county. Geol. of O., 
v. 5, pp. 401-02. . 

-Wormley and Andrews. Ore in Mahoning valley district. Geol. 
of O., v. 5, p. 460. 

Wormley and Andrews. Ore in Tuscarawas Region. Geol. of O., 
v. 5, p. 465. 








Black Hand Formation. Prosser. The black Hand formation in the 
revised Ohio geological scale. O. Geol. Sur., Bull. No. 7, pp. 
17-18. 


Black Kidney Ore. Orton. Black kidney ore in Hanging Rock dis- 
trict. Geol. of O., v. 5, p. 432. 


Bleininger, Albert Victor. Manufacture of hydraulic cements. O. Geol. 
Sur., Bull. No. 3, 1904. 


Block Coal. Orton. Block coal in Mahoning valley. Geol. of O., v. 5, 
pp. 156, 169, 171, 172, 176, 177, 178. 

Block Machines. Eno. Machines for making conerete building blocks. 
O. Geol. Sur., Bull. No. 2, pp. 237-45. 

Block Ores. Lord. Block ores in Hanging Rock district. Geol. of O., 
v. 5, pp. 488-89. 


Orton. Block ores in Hanging Rock district. Geol. of O., v. 5, 
pp. 423-26. 


Orton. Block ore in Hocking valley. Geol. of O., v. 5, pp. 412-16. 








Orton. Block ores of Stark, Carroll and Tuscarawas counties. 
Geol. of O., v. 5, p. 399. 





Bloomdale Gas Well. Orton. Bloomdale gas well. Prelim. Rep. on 
petroleum and inflammable gas. 1887, pp. 67-68. — Edition 1886, 
pp. 46-47. 


Bloomville Gas Field. Orton. Development. Prelim. Rep. on Petrol- 
eum and inflammable gas, 1887, pp. 136-38. 

Blue Clay, see Shales. 

Boggs Ore. Orton. Boggs ore in the Hanging Rock district. Geol. of 
O., v. 5, pp. 421-23. 


Analysis —Brown. Boggs ore in Hanging Rock district. Geol. 
of O., v. 5, p. 422. 


Bog Iron Ore, see Limonite. 
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Borax Company’s Building. Eno. Effect of fire on steel concrete as 
shown by this company’s building. O. Geol. Sur., Bull. No. 2, 
pp. 185-88. 


Botany. Kellerman. Recent changes in nomenclature of plants. Geol. 
of O., v. 7, pt. 2, pp. 80a-80d. 

Kellerman and Werner. Bibliography of Ohio plants. Geol. of 
O., v. 7, pt. 2, pp. 58-79. 

Kellerman and Werner. Catalogue of Ohio plants. Geol. of O., 
v. 7, pt. 2, pp. 56-406. 

Kirtland. Report on specimens of botany and zoology collected 
in Ohio. Ann. Rep., v. 1, 1837, pp. 65-69. 











Boulders. Newberry. Boulders in blackband Ore and coal in Mahon- 
ing county. Geol. of O., v. 3, pp. 791-93. 

Wheat. Boulders in Medina county. Geol. of O., v. 3, pp. 368- 
69. 


See also, Drift, Pletstocene. 





Bowerston Oil Pool. Bownocker. Wells in Harrison county. O. Geol. 
Sur., Bull. No. 1, pp. 240-41. 


Bowling Green Gas Field. Orton. Development. Prelim. Rep. on 
petroleum and inflammable gas. 1886, pp. 39-41; 1887, pp. 57- 
60; 138-39. 


Bownocker, John Adams. Occurrence and exploitation of petroleum 


and natural gas. O. Geol. Sur., Bull. No. 1, pp. 17-325. 


Salt deposits and the salt industry in Ohio. O. Geol. Sur., Bull. 
No. 8. 





Brachiopoda. Meek. Brachiopoda of the Cincinnati group. Geol. of 
O., v. 1, pt. 2, pp. 70-130. | 
-Brachiopoda of the Corniferous group. Geol. of O., v. 1, pt. 2, 
pp. 196-97. 

Brachiopoda of Niagara and Clinton groups. Geol. of O., v. 1, pt. 
2, pp. 176-85. 

Orton. Brachiopods of the Cincinnati group. Geol. of O., v. 1, 
pt. 1, pp. 392-97. 

See also Paleontology Genera and Species. 











Brayton, A. M. Report on the mammals in Ohio. Geol. of O., v. 4, pp. 
3-185. . 


Breakwaters. Eno. Concrete used for breakwaters. O. Geol. Sur., 
Bull. No. 2, pp. 84-90. 
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Bricker Pool. Bownocker. Wells in Harrison county. O. Geol. Sur., 
Bull. No. 1, pp. 229-30. , 


Brick Color. Peppel. Color of sand-lime brick. O. Geol. Sur., Bull. 
No. 5, p. 58. 


Bricklaying. Peppel. Preference for dolomite lime in brick laying and 
plastering. O. Geol. Sur., Bull. No. 4, pp. 255-56. | 


Bricks and Brick Manufacture. Mather. Brick manufacture. Ann. 
rep., v. 2, (for 1838), pp. 24-28. 


Mather. Same, Exec. Docs. 1838, No. 22, pp. 24-28. 


Orton. Natural gas as fuel for manufecture of bricks. Rep. 
1890, pp. 275-76. 


Orton, Jr. Brick manufacture of Ohio. Geol. of O., v. 5, pp. 
704-05. 


Orton, Jr. Manufacture of bricks in Ohio. Geol. of O., v. 7, pp. 
233-39. 


Winchell. Brick and pottery works in Crawford county. Geol. 
of O., v. 2, pt. 1, p. 252. 


Winchell. Brick manufacture in Auglaize county. Geol. of O., 
v. 2, pt. 1, p. 408. 

Winchell. Brick-making in Hancock county. Geol. of O., v. 2, 
pt. 1, p. 365. 

Winchell. Brick-making in Wood county. Geol. of O., v. 2, 
pt. 1, p. 386. 


Bricks and Brick Manufacture, see also Sand Lime Brick. 


























Bridge Metal Protector. Eno. Cement mortar as bridge metal pro- 
tector. QO. Geol. Sur., Bull. No. 2, pp. 59-60. 


Bridges. Eno. Use of concrete in bridge building. O. Geol. Sur. 
Bull. No. 2, pp. 78-80. 


Eno. Use of steel concrete in constructing bridges and culverts. 
QO. Geol. Sur., Bull. No. 2, pp. 158-64. 





Briggs, C. Report on Scioto, Lawrence, Gallia, Athens, Hocking and 
Jackson counties. Ann. Rep., v. 1, 1837, pp. 71-98. 

Briggs, C. Geological report on Wood, Crawford, Athens, Hock- 
ing and Tuscarawas counties. Ann. Rep., v. 2, 1838, pp. 109-54. 

Brine Springs, see Salt. 





Bromine. Bownocker. By-product of salt manufacture in Meigs 
county. O. Geol. Sur., Bull. No. 8, pp. 18-20. 

Bownocker. Manufacture of bromine at salt works near Pom- 
eroy. O. Geol. Sur., Bull. No. 8, p. 24. 
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Bromine. Newberry. Bromine in Tuscarawas county. Geol. of O., 
v. 3, pp. 84-5. 
Root. Manufacturein Ohio. Geol. of O., v. 6, pp. 667-70. 


Brookville Coal (No. 4). Orton. Brookville in Jackson county. Geol. 
of O., v. 5, pp. 1031-32. 

Orton. Characteristics of Ohio coal. Geol. of O., v. 5, pp. 160-62... 
Orton. Brookville coal in Scioto and Jackson counties. Geol. of 
O., v. 5, pp. 1040-41. 

Orton. Brookville Coal in Tuscarawas county. Geol. of O., v. 
5, pp. 259-60. 

Orton. Brookville Coal in Vinton county. Geol. of O., v. 5, pp. 
999-1001. 

Orton; Jr. Brookville Coal in Coshocton county. Geol. of O., 
v. 5, pp. 852-54. 

Wright. Brookville Coal in Holmes county. Geol. of O., v. 5, 
p. 828. 


Brown, C. Newton. Meigs creek coal seam in Morgan, Muskingum, 
Guernsey and Noble counties. Geol. of O., v. 5, pp. 1059-85. 


C. Newton. The Pittsburg coal seam in Jefferson, Belmont and 
Guernsey counties. Geol. of O., v. 6, pp. 595-626. 


























Brown County. Herzer. Geology. Geol. of O., v. 3, pp. 942-44. 
Orton. Oil and gas wells. Geol. of O., v. 6, pp. 301-02. 


Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to their fitness for portland cement. O. Geol. Sur., Bull. 
No. 4, pp. 47-48. 


Bryan. Orton. Oil and gas production. Prelim. Rep. on petroleum 
and inflamable gas, 1887, pp. 162-63. 


Bryosou, see Paleontology—Genera and Species. 








Buck Run Oil Field. Bownocker. Oil and gas in Morgan county. OQ. 
Geol. Sur., Bull. No. 1, pp. 139-44. 


Buckeye Salt Company. Bownocker. Existing furnaces in Meigs 
county. O. Geol. Sur., Bull. No. 8, p. 20. 


Bownocker. Method of salt manufacture in use. O. Geol. Sur., 
Bull. No. 8, pp. 22-23. . 


Buena Vista Stone. Dawes. Building stone of Ohio. Geol. of O., v. 5, 
pp. 601-02. 


Buhr Stone. Foster. Buhr in Muskingum, Licking and Franklin coun- 
ties. Ann. rep., v. 2, 1838, pp. 90-2. 


Hildreth. Buhr-stone rock. Ann. rep., v. 1, 1837, pp. 28-35. 
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Building Stone. Building stone of Ohio. Geol. of O., v. 5, pp. 578-641. 
Andrews. Building stone of Fairfield county. Geol. of O., v. 2, 














pt, 1. p. 594. 

Gilbert. Building stone in Lucas county. Rep. Prog. 1870, 
p. 497. 

Gilbert. Building stone in Lucas county. Geol. of O., v. 1, pt. 
1, pp. 580-81. 

Newberry. Building stone in Erie county. Geol. of O., v. 2, pt. 
1, p. 195. 





Newberry. Building stone in Lorain county. Geol. of O., v. 
2, pt. 1, pp. 216-19. 


Newberry. Building stone in Tuscarawas county. Geol. of O., 











v. 3, pp. 83-4. 

Orton. Building rock in Montgomery county. Rep. Prog. 1869, 
pp. 146-48. 

Orton. Building stone in Pike county. Geol. of O., v. 2, pt. 1, pp. 
626-27. 





Orton. Corniferous limestone as building stone in Franklin 
county. Geol. of O., v. 3, pp. 629-30. 

Orton. Springfield limestone in Clark county. Geol. of O., v. 
1, pt.1, pp. 467-70. 

Orton, Jr.,and Peppel. Use of Corniferous limestones for building 
material. O. Geol. Sur., Bull. No. 4, p. 166. 

Orton, Jr., and Peppel. Use of Maxville limestone for building. 
O. Geol. Sur., Bull. No. 4, p. 172. 

Orton, Jr., and Peppel. Uses of Niagara limestones. O. Geol. 
Sur., Bull. No. 4, p. 154. 

Peppel. Use of limestone as building stone in Ohio. O. Geol. 
Sur., Bull. No. 4, pp. 212-216. 

Read. Building stone in Richland county. Geol. of O., v. 3, 
p. 323. 

Stevenson. Building materials in Harrison county. Geol. of O., 
v. 3, p. 218. 

Winchell. Building stone in Defiance county. Geol. of O., v. 2, 
pt. 1, pp. 437-38. 

Winchell. Building stone in Delaware county. Geol. of O., v. 
2, pt. 1, pp. 309-10, 313. 

Winchell. Building stone in Putnam county. Geol. of O., v. 2, 
pt. 1, p. 393. 

Winchell. Building stone in Seneca county. Geol. of O., v. 1, pt. 
1, p. 623. 
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Building Stone. Winchell. Building stone in Wood county. Geol. of 
O., v. 2, pt. 1, p. 386. 


Bulletins. Bulletins of Ohio Geological Survey. For list and analysis, 
see analysis of Survey publications at the beginning of this index. 


Burial Vaults. Eno. Concrete used for burial vaults. O. Geol. Sur., 
Bull. 2, p. 120. 


Burlington Group. Herrick. Burlington group and its fossils. Geol. 
of O., v. 7, pt. 2, pp. 514-15. 


Butler County. Locke. Geological reconnoissance in Butler county. 
Ann. rep., v. 2, 1838, pp. 216-23. 


Orton. Geology. Geol. of O., v. 3, pp. 392-403. Geologic map, 
13x10.2 cm. 


Orton. Oiland gas wells. Geol. of O., v. 6, pp. 292-95. 
Orton. Topography. Geol. of O., v. 3, pp. 392-94. 


Orton, Jr., and Peppel. Composition of limestones of, with 
reference to their fitness for portland cement. O. Geol. Sur., 
Bull. No. 4, pp. 48-50. 











— 





Cadiz Oil Pool. Bownocker. Wells in Harrison county. O. Geol. Sur., 
Bull. No. 1, pp. 226-29. 


Calcareous Limestone. Orton, Jr.,and Peppel. Composition of an im- 
pure limestone in Tuscarawas county with reference to fitness 
for portland cement. O. Geol. Sur., Bull. No. 4, p. 127. 


Calcareous Materials. Bleininger. Exact methods of analysis for their 
determination. O. Geol. Sur., Bull. No. 3, pp. 130-33. 

Bleininger. Limestone and calcareous materials for Portland 

cement. OQ. Geol. Sur., Bull. No. 3, pp. 226-31. 

Bleininger. Rapid or factory methods of analysis for their 

determination. O. Geol. Sur., Bull. No. 3, pp. 133-40. 








Calciferous Sandrock. Hildreth. Calcarious rocks. Exec. Docs., 1836, 
Rep. No. 1, p. 75. 

Newberry. Calciferous sandrock in Ohio. Geol. of O., v. 1, pt. 1, 
p. 59. 


Newberry. Potsdam and Calciferous groups. Geol. of O., v. 
1, pt. 1, pp. 112-16. 








Calcimines. Peppel. Use of hydrated lime for calcimines and white- 
washes. O. Geol. Sur., Bull. No. 4, p. 241. 


Calcium Chloride. Bownocker. By-products of salt manufacture in 
Meigs county. O. Geol. Sur., Bull. No. 8, p. 18. 
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Calcium Chloride. Bownocker. Manufacture of calcium chloride at 
salt works in Meigs county. O. Geol. Sur., Bull. No. 8, p. 24. 


Cambridge Limestone. Orton. Cambridge limestone in Hanging Rock 
district. Geol. of O., v. 3, pp. 895-97. 

Orton and Peppel. Cambridge stone available for cement making. 
O. Geol. Sur., Bull. No. 3, pp. 93-94. 

Orton, Jr., and Peppel. Composition of, in Guernsey county, 
with reference to fitness for portland cement. O. Geol. Sur., 
Bull. No. 4, pp. 69-70; in Lawrence county, pp. 87-88. 








Campbell Mixer. Eno. Campbell concrete mixing machine. With illus- 
tration. O. Geol. Sur., Bull. No. 2, pp. 232-33. 


Cannel Coal. Orton. Cannel coal in Milton and Jackson townships. 
Geol. of O., v. 5, pp. 1032-33. 

Orton. Flint Ridge cannel in Licking county. Geol. of O., v. 5, 
pp. 908-11. | 

Orton, Jr. Bedford cannel coal of Coshocton county. Geol. of 
O., v. 5, pp. 845-52. 


Carboniferous Conglomerate. Dawes. Conglomerate as building stone 
in Ohio. Geol. of O., v. 5, pp. 602-07. 


Carboniferous Group. Hodge. Carboniferous in Coshocton county. 
Geol. of O., v. 3, pp. 565-68. 


Carboniferous Limestone. Hawes. Carboniferous as building stone in 
Ohio. Geol. of O., v. 5, pp. 638-39. 

Orton. Lime production. Geol. of O., v. 6, p. 707. 

———— Orton, Jr., and Peppel. Composition of, in Licking county, with 
reference to fitness for portland cement. O. Geol. Sur., Bull: 
No. 4, p. 88. . 

Orton, Jr., and Peppel. Limestones of the Eastern or coal meas- 
ures groups for commercial use. O. Geol. Sur., Bull. No. 4, pp. 
22-23. 

Peppel. Use of carboniferous as building stone in Ohio. O. 
Geol. Sur., Bull. No. 4, p. 212. 


Carboniferous System. Andrews. Coal-measures of 2d geol. dist. Rep. 
Prog. 1870, pp. 71-9, 235. 

Andrews. General discussion of Lower Coal-measures in 2d geol. 
dist. Rep. Prog. 1870, pp. 314-33. 

Bownocker. Carboniferous as a source of oil and gas. O. Geol. 
Sur., Bull. No. 1, pp. 126-306. 

Bownocker. Oil and gas producing rocks in Ohio. O. Geol. 
Sur., Bull. No. 1, pp. 22-30. 


























SUBJECT INDEX OF OHIO REPORTS. 59 


Carboniferous System. Newberry. Carboniferous system. Rep. Prog. 
1869, pp. 20-23. 


Newberry. Carboniferous in Cuyahoga county. Geol. of O., v. 1, 
pt. 1, pp. 184-90. 


Newberry. Carboniferous in Ohio. Geol. of O., v. 1, pt. 1, pp. 











72-8. 
Newberry. Carboniferous system of Ohio. Geol. of O., v. 2, pt. 
1, pp. 81-180. 





Newberry. Carboniferous in Ohio. Geol. of O., v. 3, pp. 18-27. 
Newberry. Descriptions of fishes. Geol. of O., v. 1, pt. 2, pp. 
276-78, 325-55. | 

Newberry. Fishes of the Coal-measures. Geol. of O., v. 1, pt. 2, 
pp. 283-88. 

Newberry. Fishes. Geol. of O., v. 2, pt. 2, pp. 41-64. 
———Newberry. Fishes of the Sub-Carboniferous limestone. Geol. of 
O., v. 1, pt. 2, pp. 282-283. 

Newberry. Fossil plants from the Coal-measures of Ohio. Geol. 
of O., v. 1, pt. 2, pp. 359-385. 

Newberry. Lower Carboniferous limestone. Geol. of O., v. 2, 
pt. 1, pp. 99-103. 

Newberry. Lower Carboniferous limestone. Geol. of O., v. 3, 
pp. 23-25. 

Newberry. Lower Carboniferous of Cin. arch. Geol. of O., v. 1, 
pt. 1, pp. 108-10. 

Newberry. Sections of the Lower Coal-measures. Rep. Prog. 
1870, pp. 19-25. 

Newberry. Structure of the Lower Coal-measures in northeastern 
Ohio. Rep. Prog. 1870, p. 14-44. 

Orton. Stratigraphical order of the Lower Coal-measures of Ohio. 
Geol. of O., v. 5, pp. 1-128. 

Prosser. Line of separation between Devonian and Carbonifer- 
ous in revised geological scale of Ohio. O. Geol. Sur., Bull. No. 
7, pp. 20-21. 

——-Prosser. Table of formations included in this system in revised 
geological scale of Ohio. O. Geol. Sur., Bull. No. 7, p. 2. 
———Read. Coal-measures of Geauga county. Rep. Prog. 1870, pp. 

466-67. 



































Carey Gas Wells. Orton. Carey Gas wells. Prelim. Rep. on petroleum 
and inflammable gas. 1886, p. 47; 1887, pp. 68-9. 

Orton. Development of Carey field. Prelim. Rep. on petroleum 
and inflammable gas, 1887, pp. 139-40. 
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Carroll County. Bownocker. Oil and gas production. O. Geol. Sur., 
Bull. No. 1, pp. 292-95. Augusta township, p. 293. Brown 
township, p. 295. Center township, p. 294. Fox township, 
p. 295. Harrison township, p. 295. Lee township, p. 294. Lou- 
don township, pp. 294-95. Monroe township, p. 295. Orange 
township, p. 293. Perry township, p. 295. Rose township, pp. 

- 293-94. Union township, p. 294. Washington township, p. 293. 

Orton. Coal mines. Geol. of O., v. 5, pp. 244-56. 

Orton. Iron ores. Geol. of O., v. 5, pp. 386-99. 


Orton, Jr., and Peppel. Limestone resources of, slight importance. 
O. Geol. Sur., Bull. No. 4, p. 136. 


Stevenson. Geology. Geol. of O., v. 3, pp. 177-99. 














Stevenson. Topography and resources. Geol. of O., v. 3, pp. 
177-79. 





Casparis Stone Company. Peppel. Descriptive account. O. Geol. Sur., 
Bull. No. 4, pp. 220-222. 


Cassells, J. L. Analyses of iron ores from Collingwood, Yellow Creek. 
Rep. Prog. 1870, p. 49. 


Catskill Group. Newberry. Catskill group in Ohio. Geol. of O., v. 1, 
pt. 1, pp. 71-2. 
Newberry. Fossil fishes. Geol. of O., v. 1, pt. 2, pp. 271-76. 





Caves. Hildreth. Grottoes and caverns. Ann. Rep., v. 1, 1837, p. 52. 


Cedarville Limestone. Orton. Cedarville limestone in Greene county. 
Geol. of O., v. 2, pt. 1, pp. 673-79. 

Orton, Jr., and Peppel. Composition, physical character and uses 
of, in Ohio. O. Geol. Sur., Bull. No. 4, p. 194. 





Cement. Andrews. Cement limestone of Belmont county. (Ceol. of O., 
v. 2, pt. 1, pp. 548-49, 556, 558, 561, 563, 565, 569. 

Bleininger. Analysis to determine insoluble residue in raw cement 
mixtures and burnt cement. O. Geol. Sur., Bull. No. 3, pp. 140- 
41. 

Bleininger. Analytical analysis of natural cements. O. Geol. 
Sur., Bull. No. 3, pp. 115-17. 

Bleininger. General discussion on hydraulic cements. O. Geol. 
Sur., Bull. No. 3, pp. 25-41. 

Bleininger. Manufacture of hydraulic cements. O. Geol. Sur., 
Bull. No. 3, 1904. 

Bleininger. Manufacture of pozzuolane and natural cements. O. 
Geol. Sur., Bull. No. 3, pp. 158-96. 
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Cement. Bleininger. Mechanical analvsis of raw mixtures and cements. 
O. Geol. Sur., Bull. No. 3. pp. 146-57. 
Bleininger. Physical and chemical examination of cement ma- 
terials. O. Geol. Sur.. Bull. No. 3. pp. 1U2- 57. 
Bleininger. Raw materials of the cement industry. ©. Geol. 
Sur., Bull. No. 3. pp. 41-101. 
Bleininger. Winning and preparation of raw materials in cement 
manufacture. ©O. Geol. Sur.. Bull. No. 3. pp. 248 87. 

——-Eno. Historical sketch. O. Geol. Sur.. Bull. No. 2. pp. 17 22. 
Eno. Specifications for Portland and natural cement as adupted 
by Ameriean R. R. Engineering and Maintenance of Way Assucia- 
tion. ©. Geol. Sur.. Bull. No. 2. pp. 192. 97. 
Eno. Uses of hydraulie cements. O. Geel. Sur.. Bull. No. 2. pp. 
17-246. 

— Lord. Natural and artificial cements. Geol. of OÖ. v. 6. pp. 670- 
9. 
Newberry. Hydraulic cement. Rep. Prog. IN7Q. pp. 51 3. 
Newberry. Production of hydraulic cement in Columbiana county 
Geol. of O.. vo 3. p. 109. 
Orton. Jr.,and Peppel. Probable use of Maxville Iimestone for 
mantfacture of cement. QO. Geol. Sur... Bull. No. 4 p. 172. 
Stevenson. Manutacture of cement in belmont county. Geol. 
of O.. v.23. pp. 260, 286, 

—— -Winchell. Cement ot Denanee county. Geol. of OQ. ve 2. pt. b, 
p. 43. 

———Wormley. Analyses of coment Iimestones in 2d geol. dist. Geol. 
of O,, ve 2. pt. Loop. 607. 


Near: Porturd Cowes: Noman Cement: Taterdtuce. 


Cement Grinding. 1ie'ringer Machinery used in preparation of raw 
materials, QO. Geet Sur, Bull Noo 3. pp. 232 87, 


Cement Plants. bwinuzer.  Mechanteal equipment. ©. Geol. Sur, 
Bull. No. So pp 522 ast. 


Cement Specifications. L.ro. Requirements for cement. OO. Geol. Sur., 
Bull. Ne 2. pp. Ese. 


Central Ohio Natural Gas Field. Bownocker. Gas reservoirs in Ohio. 
(). Cree. Nor, el No. L. PP. LOL DS. Geologic map showing 
positioner cent Olio natural gas field, 12.7X20.8 em., opp. p. 
102 


—- Bownoeker. Geology. Of Geol Sur, Bull, No. ly, pp. 117.25 
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Cephalopoda. Meek. Cephalopoda of Cincinnati group. Geol. of O., 
v. 1, pt. 2, pp. 155-58. 

Meek. Cephalopoda of the Corniferous group. Geol. of O., v. 1, 
pt. 2, pp. 229-33. 

Meek. Cephalopoda of the Niagara and Clinton groups. Geol. 
of O., v. 1, pt. 2, pp. 186-87. 

See also Paleontology. 








Ceramic Mixtures. Peppel. Use of hydrated lime in ceramic mixtures. 
O. Geol. Sur., Bull. No. 4, pp. 245-246. 


Ceramics, see Pottery. 


Chagrin Formation. Prosser. Chagrin formation, formerly Erie shale, 
in the Ohio geological scale. O. Geol. Sur., Bull. No. 7, pp. 21-22, 


Chagrin River Valley. Newberry. Strata exposed. Geol. of O., v. 1, 
pt. 1, pp. 198-200. 


Champaign County. Hill. Geology. Geol. of O., v. 3, pp. 491-95. 


Hill. Geologic map Logan and Champaign counties, p. 49, 14x17.9 
cm. 


— Hill. Topography. Geol. of O., v. 3, pp. 491-92. 
Orton. Oiland gas wells. Geol. of O., v. 6, pp. 274-77. 
Riddell. Geology. O. Exec. Docs. 1836, Rep. No. 60, p. 13. 


Chatellerault Bridge, France. Eno. Use of steel concrete in bridge 
building. O. Geol. Sur., Bull. No. 2, pp. 163-64. 


Chemical Department. Lord. Report of chief chemist. Geol. of O., v. 
5, pp. 1087-1113. 


Chemical Manufactures. Peppel. Use of hydrated lime in manufacture 
PjW of chemicals. O. Geol. Sur., Bull. No. 4, pp. 243-44. +. 


Chemung group. }Hall and Whitfield. Crinoids of Genessee slate and 
Chemung group. Geol. of O., v. 2, pt. 2, pp. 158-61. 

Newberry. Fossil fishes. Geol. of O., v. 1, pt. 2, pp. 270-71. 
Newberry. Portage and Chemung groups in Ohio. Geol. of O., 
v. 1, pt. 1, pp. 69-71. 


Chester Hill Oil Field. Bownocker. Geology. O. Geol. Sur., Bull* 
No. 1, pp. 182-39. 

Bownocker. Oil and gas in Morgan county. O. Geol. Sur., 
Bull. No. 1, pp. 126-39. 


Chimneys. Eno. Use of steel concrete for chimneys. O. Geol. Sur. 
Bull. No. 2, pp. 152-53. 


China, see Pottery. 
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Cincinnati Group. Orton. Cincinnati group in Preble county. Geol. 
of O., v. 3, p. 406. 

Orton. Cincinnati group in Warren county. Geol. of O., v. 3, 

pp. 382-84. 

Orton. Divisions of. Geol. of O., v. 1, pt. 1, pp. 370-73. 

Orton. Fossils of, in Warren county. Geol. of O., v. 3, pp. 383- 
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Orton. Geology. Geol. of O., v. 1, pt. 1, pp. 367-418. 

Orton. Geological position and equivalents. Geol. of O., v. 1, 

pt. 1, pp. 368-69. 

Orton. Origin of the Cincinnati group. Geol. of O., v. 1, pt. 1, 

pp. 380-84. 


Cincinnati (or blue) Limestone. Locke. Blue limestone of southwest 
Ohio. Ann. Rep., v. 2, 1838, pp. 206-11. 

Orton. Blue limestone in Montgomery county. Rep. Prog. 

1869, pp. 141-42. 

Orton, Jr., and Peppel. Composition of, in Hamilton county, 

with reference to fitness for portland cement. O. Geol. Sur., 

Bull. No. 4, pp. 71-73. 

Riddell. Blue limestone district of Ohio. Ohio Exec. Docs. 1836, 

pt. 1, Rep. No. 60, pp. 4-8. 


Cisterns. Eno. Use of concrete in cistern linings. O. Geol. Sur., Bull. ° 
No. 2, pp. 96-7. 


Clarion Coal No. 4. Orton. Characteristics of Ohio coal. Geol. of O., 
v. 5, p. 162. 

Orton. Clarion in Jackson county. Geol. of O., v. 5, pp. 1030-31. 
Orton. Clarion (upper) coal in Scioto and Lawrence counties. 
Geol. of O., v. 5, pp. 1041-42. 

Wright. Clarion coal in Holmes county. Geol. of O., v. 5, p. 828. 






































Clark, Thomas. Application of the hot blast in manufacture of cast iron. 
Exec. Does. 1836. Rep. No. 1, pp. 78-9 (from Amer. Jour. Sci. for 
Oct., 1836). 

Clark County. Orton. Lime production. Geol. of O., v. 6, pp. 715-19. 

Orton. Oil and gas wells. Geol. of O., v. 6, pp. 278-80. 

Orton. Geology. Geol. of O., v. 1, pt. 1, pp. 450-80. Geologic 

map of Clark county (colored), 21.1x12.3 em. 

Orton. Topography. Geol. of O., v. 1, pt. 1, pp. 450-55. 

Orton, Jr., and Peppel. Composition of limestones of, with ref- 

erence to their fitness for portland cement. O. Geol. Sur., Bull. 

No. 4, pp. 50-52. 
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1, pp. 174-77. t 

~ Newberry. Fire clays. Rep, Prog. 1870, pp. 5Q-1. on .ları.r) 
—Newberry. Fire clay in ‚Summit squnty. _ Geol: of O., ve 1, pt. 1, 
pp. 220-21. _- 
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Orton. Clays in Ohio, their origin, composition and varieties. 
Geol. of 0. »V. 7, pp. 45-68. | _ 


Orton, Jr. Clay deposits i in Ohio. Geol. of O., v. 5, pp- 656-67.. 
| Bedded clays, 658-67. Drift clays, pp. 656-58. 


Orton, Jr. Clays of Ohio, and industries established upon them. 

Geol. of O., v. 5, pp. 643-721. 7 

—— Orton, Jr. Clay working industries of Ohio. Geol. of O., v. 5,. 
pp. 668-721. | 


Orton, Jr. Clay working industries of Ohio. Geol. of O., v. 7, 
: pp. 69-254. of 
Orton, Jr. Method of analysis. Geol. of O., v. 5, pp. 649-50. 
Orton, Jr. Origin, composition, analysis and properties of clay. 
Geol. of O., v. 5, pp. 643-55. 


Orton, Jr. Table of clay-working temperatures. Geol. of O., v. 
7, p. 253. | 


Peppel. Effect of clay as an impurity in the manufacture of 
sand-lime brick. O. Geol. Sur., Bull. No. 5, pp. 30-33. 


Peppel. Tables showing effect of clay or kaolin in manufacture 
of sand-lime brick. O. Geol. Sur., Bull. No. 5, pp. 31-32. 


Read. Fire clays in the Hocking Valley. Geol. of O., v. 3, p.. 
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Read. Fire clays in Holmes county. Rep. Prog. 1870, pp. 482- 
83. 

Winchell. Brick clays in Wood county. Geol. of O., v. 2, pt. 1, 
p. 386. 

Winchell. Clay in Seneca county. Geol. of O., v. 1, pt. 1, pp. 
623-24. 

Winchell. Pottery clay in Hancock county. Geol. of O., v. 2, 
pt. 1, p. 366. 


Clay Band Ore. Orton. Clay band ore in Hocking valley. Geol. of O., 
v. 5, pp. 409-12. | 
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Clay Products. : Orton, Jr. Betails:of ‘absorption: tebts. suas. teh Br Vi 


7, pp. 241-46. UES on 
+ Orton, Jr. . Details of: orushing teste. : Geol. of 0, Va 7, PP. 249- 
52. ae 
———Orton, Jr. Table of details of rattling tests: Geal. of 19. v. 7 
pp. 247-48. tito Doe 


° Claypole,E.W. Fossil fishésin Ohio. Geol. of O., v. 7, pts :2, pp:.602=262 


Clermont County. Orton. Geology. "Geol. of O., v.1 ‚pt. 1 , PP. 435-49. 
Orton. Oiland gas wells. Geol. of O., v. 6, pp. 300-01. 
Orton. Topography. Geol. of O., v. 1, pt. 1, pp. 435-37. 


Orton, Jr., and Peppel. Composition of limestones of, with ref- 
- erence to fitness for portland cement. O. Geol. Sur., Bull. 4; 
pp. 52-53. 











Cleveland Salt Company. Bownocker. Methods of manufacture in 
use. OÖ. Geol. Sur., Bull. No. 8, pp. 36-37. 


Cleveland Shale. Newberry. Cleveland shalein Cuyahoga county. 
Geol. of O., v. 1, pt. 1, pp. 189-90. 
Newberry. Cleveland shale i in Erie county. Geol. of O., v. 2, pt. 











1, p. 188. 

Newberry. Cleveland shale in Lorain county. Geol. of O., v. 2, 
pt. 1, p. 213. 

Newberry. Cleveland shale in Ohio. Geol. of O., v. 2, pt. 1, pp. 
92-5. 


Newberry. Cleveland shale in Summit county. + Geol. of O., v. 1, 
pt. 1, pp. 208-9. 


Newberry. Fossils. Geol. of O., v. 2, pt. 1, pp. 94-5. 


Orton. Cleveland shale in Franklin county. Geol. of O., v. 3, 
pp. 642-43. 


Orton. Cleveland shale in Ohio. Geol. of O., v. 5, pp. 25-28. 
Same, Rep. 1890, pp. 28-31. 


Orton. Cleveland shale in Pike county. Geol. of O., v. 2, pt. 1, 























pp. 624-26. 

Read. Cleveland shale in Ashtabula county. Geol. of O., v. 1, 
pt. 1, p. 486. 

Read. Cleveland shales in Geauga county. Geol. of O. ‚v. 1, pt. 
1, pp. 525-26. 


Read. Cleveland shale in Huron county. Geol, of O.,v.3, p. 306. 


Read. Cleveland shale in Lake County. Geol. of O.,v. 14, pe. 1 
pp. 514-15. 
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Cleveland Shale. Winchell. Cleveland shale in Crawford county. Geol. 
of O., v. 2, pt. 1, p. 242. 

Winchell. Cleveland shale in Dleaware county. Geol. of O., v. 2, 

pt. 1, p. 282. 

Winchell. Cleveland shale in Morrow county. Geol. of O., v. 2, 

pt. 1, pp. 263-64. 


Cliff Limestone. Locke. Cliff limestone in southwest Ohio. Ann. 
Rep., v. 2, 1838, pp. 211-13. 

Clift Oil Pool. Bownocker. Wells in Monroe county. O. Geol. Sur., 
Bull. No. 1, p. 208. 

Climate, see Meteorology. 








Clinker. Bleininger. Grinding of clinker in cement manufacture. O. 
Geol. Sur., Bull. No. 3, pp. 317-22. 


Clinton County. Hussey. Geology of Clinton and Fayette counties. 
Geol. of O., v. 3, pp. 429-47. 

Hussey. Topoggraphy of Clinton and Fayette counties. Geol. 

of O., v. 3, pp. 429-30. 

Orton. Oil and gas wells. Geol. of O., v. 6, pp. 296-97. 

———Orton, Jr. and Peppel. Composition of limestones of, with ref- 
erence to fitness for portland cement. O. Geol. Sur., Bull. No. 4, 











pp. 53-56. 
Riddell. Geology of Clinton and Highland counties. O. Exec. 
Docs. 1836, Rep. No. 60, p. 11. . 


Clinton Group. Bownocker. Clinton formation as a source of oil and 
gas. O. Geol. Sur., Bull. No. 1, pp. 101-25. 

Bownocker. Gas producing rocks of. O. Geol. Sur., Bull. No. 1, 
pp. 20-21. 

Foerste. Fossils in Ohio and Indiana. Geol. of O., v. 7, pt. 2, 
pp. 516-601. 

Ferste. List of trilobites, mollusks and brachiopods of Clinton | 
group in Ohio and Indiana. Geol. of O., v. 7, pt. 2, pp. 595-97. 
Hall and Whitfield. Fossils. Geol. of O., v. 2, pt. 2, pp. 111-20. 
Hussey. Clinton group in Clinton and Fayette counties. Geol. 
of O., v. 3, pp. 441-43. 

Hussey. Clinton in Miami county. Geol. of O., v. 3, pp. 479-80. 
Hussey. Clinton in Shelby county. Geol. of O., v. 3, pp. 464-65. 
Meek. Fossils. Geol. of O., v. 1, pt. 2, pp. 176-93. 

Meek. List of fossils. Geol. of O., v. 1, pt. 2, pp. 241-42. 
Newberry. Clinton and Niagara groups. Rep. Prog. 1869, pp. 
14-15. 
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Clinton Group. Newberry. Clinton group in Ohio. Geol. of O., v. I, 
pt. 1, p. 62. 

Newberry. Clinton in Ohio. Geol. of O., v. 3, pp. 5-8. 
Newberry. Fossils. Geol. of O., v. 1, pt. 1, p. 128. 

Newberry. Medina and Clinton groups. Geol. of O., v. 1, pt. 1, 
pp. 103, 126-28. 
Nicholson. Corals. Geol. of O., v. 2, pt. 2, pp. 224-28. 

Orton. Clinton group in geological series of Ohio. Prelim. Rep. 
on petroleum and inflammable gas. 1887, pp. 30-31, 119. Rep. 
1886, pp. 20-21. 


Orton. Clinton limestone of Highland county. Rep. Prog. 1870, 
































pp. 268-70. 

Orton. Clinton group in Montgomery county. Rep. Prog. 1869, 
pp. 142-143. 

Orton. Clinton in Clark county. Geol. of O., v. 1, pt. 1, pp‘ 
463-64. 

Orton. Clinton limestone in Greene county. Geol. of O., v. 2, pt. 
1, pp. 664-67. 

Orton. Clinton limestone in Highland county. Rep. Prog. 1870, 
pp. 271-72. 





Orton. Clinton limestone in Ohio. Geol. of O., v. 6, pp. 11-13. 
Rep. 1890, pp. 17-18; v. 7, pp. 10-11. 


Orton. Clinton limestone in Preble county. Geol. of O., v. 3, 











pp. 406-08. 

Orton. Clinton limestone in Warren county. Geol. of O., v. 3, 
pp. 384-86. | 

Orton. Clinton limestone as a source of oil and gas. Rep. 1890, 
pp. 227-47. 


Orton. Fossils of, insouthern Ohio. Geol. of O., v. 3, pp. 415-16. 
Orton. Gas in, at Lancaster. Geol. of O., v. 6, pp. 783-84. 
Orton. Lime production. Geol. of O., v. 6, p. 705. 

Orton, Jr., and Peppel. Clinton for Portland cement making. 
QO. Geol. Sur., Bull. No. 3, pp. 89-90. 

Orton, Jr., and Peppel. Composition of, in Adams county, with 
reference to fitness for portland cement. O. Geol. Sur., Bull. 
No. 4, p. 33; in Clark county, pp. 51-52; in Clinton county, pp. 
93-56; in Greene county, pp. 67-69; in Miami county, pp. 96-98; 
in Montgomery county, pp. 100-102; in Preble county, pp. 116, 
118-19. 

Orton, Jr., and Peppel. Composition, physical character and uses 
of Clinton limestones in Ohio. QO, Geol. Sur., Bull. No. 4, pp 
143-147. 
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Clinton Group. Prosser. Correlation of this limestone with-Clinton ‘of 
New York. O. Geol. Sur., Bull. No. 7, p. 29. 


Clinton Shale. Orton. Clinton, Medina, Hudson river and Utica shale. 
Prelim. Rep. on petroleum and inflammable gas, 1887, pp. 96-99. 
Edition 1886, pp. 66-68. 


Clyde Hydrator. Peppel. Illustrations and description of the Clyde 
hydrator. O. Geol. Sur., Bull: No. 4, pp. 328-330. 


Coal. Andrews. Coal in Belmont county. Geol. of O., v. 2, pt. 1, pp. 
| 544-69. | 

Andrews. Coalin Guernsey county, south half. Geol. of O., v. 2, 
pt. 1, pp. 529-42. 

Andrews. Coal inthe Hocking Valley. Geol. of O., v. 3, pp. 822-57. 
Andrews. Coal in Meigs county. Geol. of O., v. 1, pt. 1, pp. 














248-59. ~ 
Andrews. Coal in Monroe county. Geol. of O., v. 2, pt. 1, pp. 
570-87. 





Andrews. Coal seams in Muskingum county. Geol. of O., v. 1, 
pt. 1, pp. 314-44. 

Andrews. Coal in Noble county. Geol. of O., v. 2, pt. 1, pp. 
510-28. 

Andrews. Coal in Vinton county. Rep. Prog. 1870, pp. 92-126. 
Andrews. Coal in Washington county. Geol. of O., v. 2, pt. 1, 

















pp. 461-508. 

Andrews. Nelsonville or Straitsville coal. Rep. Prog. 1869, pp. 
96-113. 

Andrews. Origin and formation of coal. Geol. of O., v. 1, pt. 1, 

pp. 345-64. 


Andrews. Production of 2d geological district. Rep. Prog. 
1869, pp. 130-31. 

Andrews. Strata above the Nelsonville seam. Rep. Prog. 1869, 
pp. 113-16. 

Andrews. Upper Coal-measures in Washington county. Geol. 
of O., v. 2, pt. 1, pp. 457-59. 

Bleininger. Coal used in burning Portland cement. ©. Geol. 
Sur., Bull. No. 3, pp. 294-96. 

. Briggs. Coal in Jackson, Scioto and Lawrence counties. Ann. 
Rep., v. 1, 1837, pp. 86-87. 

Briggs. Coal in the Hocking Valley. Ann. Rep., v. 1, 1837, pp. 
84-86. 

Briggs. Coal in Hocking and Athens counties. Ann. Rep., v. 2, 
1838, pp. 138-41. 
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Coal. Briggs. Coal in Tuscarawas county. Ann. Rep., v. 2, 1838, pp. 
. 149-51. | 


Foster. Coal-measures in Muskingum, Licking and Franklin 
counties. Ann. Rep., v. 2, 1838, pp. 83-87. | 


Hildreth. Bituminous coal in Ohio. Exec. Docs. 1836, Rep.No. 
1, pp. 73-74. 


Hildreth. Geology of the Coal-measures in Ohio. Ann. Rep., 
v. 1, 1837, pp. 25-54. 


Hildreth. Pomeroy coal seam. Ann. Rep., v. 1, 1837, pp. 40-46. 


Hodge. Coalin Coshocton county. Geol. of O., v. 3, pp.565-66) 
568-94. _ 


Mendenhall. Heating power of some Ohio coal. Rep. Prog. 
1870, pp. 236-42. 


Newberry. Altitudes of Coal No. 1. Rep. Prog. 1870, pp.29-30. 
Coal No. 3, p. 34. Coal No. 6, pp. 42-43. | 


Newberry.. Coal in Columbiana county. Geol. of O., v. 3, pp. 





























92-126. 

Newberry. Coal-measures in Jefferson county. Geol. of O., v.3, 

pp. 718-79. . 
———Newberry. Coal in Mahoning couhty. Geol. of O., v. 3, pp.792- 

814. 





Newberry. Coal in Ohio. Rep. Prog. 1869, pp. 32-38. 
Newberry. Coal in Portage county. Geol. ofO., v. 3, pp.138-49. 


Newberry. Coal-measures in Summit county. Geol. of O., v. 1, 
pt. 1, pp. 214-18, 219-20. 


Newberry. Coal-measures in Tuscarawas county. Geol. of O., 
v. 3, pp. 54-84. | 


Orton. Classification of Ohio coals. Geol. of O., v. 5, pp. 144-46. 


Orton. Coal seams in Hanging Rock District. Geol. of O., v. 3, 
pp. 911-21. 


Orton. Coal seams of the Lower Coal-measures of Ohio. Geol. 
of O., v. 5, pp. 128-68. 


! Orton. Coal seams in Pike county. Geol. of O., v. 2, pt. 1, pp. 





























631-34. 

Orton. Dip or inclination of Coal-measures. Geol. of O., v. 5, 
pp. 138-40. 

Orton. Lowest coals in northern Perry county. Geol. of O., v. 5, 
pp. 885-87. 





Orton. Massillon coal. Geol. of O., v. 5, pp. 773-815. 


Orton. Methods of designating coal seams. Geol. of O., v. 5, pp. 
129-34. 
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Coal. Orton. Ohio coal field. Geol. of O. v.5, pp. 134-38. 


——Orton. Preparation of coal for the market. Geol. of O., v. 5, pp. 
153-55. 


Orton. Proportion of coal lost in mining. Geol. of O., v. 5, p. 
155. 


Orton. Stratigraphical order of the Lower Coal-measures in Ohio. 
Geol. of O., v. 5, pp. 28-128. 


Orton. Uses of Ohio coal. Geol. of O., v. 5, pp.150-53. 


Peppel. Use of coal as a fuel in burning lime in Ohio. O. Geol. 
Sur., Bull. No. 4, pp. 273-76. 


Read. Coal-measures in Geauga county. Geol. of O., v. 1, pt. 1, 
pp. 521-22. 


Read. Coal in Holmes county. Rep. Prog. 1870, pp. 476-82; . 
Geol. of O., v. 3, pp. 548-61. 


Read. Coalin Knox county. Geol. of O., v. 3, p. 336. 
Read. Coal in Licking county. Geol. of O., v. 3, pp. 355-58. 


Read. Coal-measures in Trumbull county. Geol. of O., v. 1, pt. 
1, pp. 495-502. 


Read. Coalin Wayne county. Geol. of O., v. 3, pp.530-38. 
Stevenson. Coal in Belmont county. Geol. of O., v. 3, pp. 261- 
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——Stevenson. Coal in Guernsey county. Geol. of O., v. 3, pp. 220- 
36. 
Stevenson. Coalin Harrison county. Geol. of O., v. 3, pp. 203- 
18. 

———Stevenson. Coal-measures in Muskingum county. Geol. of O.,v. 
3, pp. 238-59. 





Wheat. Coal-measures in Medina county. Geol. of O., v. 3, pp. 
363, 365, 376, 377-78. 


Coal No.1. Hodge. Coal No. 1 in Coshocton county. Geol. of O.,v.3 
pp. 568-70; 576, 580. 


Newberry. Coal No. 1, or Briar Hill coal. Rep. Prog. 1870, pp. 
26-30. 


Newberry. Geol. of O., v. 2, pt. 1, pp. 133-35. 

Newberry. Coal No. 1 in Mahoning county. Geol. of O., v. 3, 
pp. 784-90. 

Newberry. Coal No. 1 in Portage county. Geol. of O., v. 3, pp- 
138-41. 

Newberry. Coal No. 1 in Stark county. Geol. of O., v. 3, pp. 
156-67. 
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Coal No. 1. Newberry: Coal No. 1 in Tuscarawas county. Geol. of 
O., v. 3, pp. 54-59. 


Orton. Sharon, or Coal No. 1. Geol. of O., v. 5, pp. 156-57. 


Read. Coal No, 1 in Holmes county. Geol. of O., v. 3, pp. 548- 
50. 


Read. Coal No. 1 in Licking county. Geol. of O., v. 3, p. 357. 


Read. Coal No. 1 in Wayne county. Geol. of O., v. 3, pp. 536- 
38. 


Stevenson. Coal No. 1 in Muskingum county. Geol. of O., v. 3, 
p. 241. 

















Coal No. 2. Newberry. Coal No. 2 in Mahoning county. Geol. of O., 
v. 3, pp. 793-94. 


Newberry. Coal No. 2. Rep. Prog. 1870, pp. 30-31; Geol. of O., 
v. 2, pt. 1, pp. 135-6. 


Ä Orton. Coal No. 2, or Quakertown coal. Geol. of O., v. 5., 











pp. 157-58. 
Read. Coal No. 2 in Holmes county. Geol. of O., v. 3, pp. 550- 
51. 


Coal No. 3. Hodge. Coal No. 3 in Coshocton county. Geol. of O., v. 3 
pp. 581-83, 590. 


Newberry. Coal No. 3. Rep. Prog. 1870, pp. 31-34. Geol. of 
O., v. 2, pt. 1, pp. 137-38. 


Newberry. Coal No. 3in Mahoning county.Geol. of O., v. 3, pp. 
794-95, 799, 804-6, 810. 


Newberry. Coals No. 3 and 4 in Portage county. Geol. of O., v. 


























3, pp. 141-49. 

Newberry. Coals No. 3 and 4in Stark county. Geol. of O., v. 3 
pp. 167-70. 

Newberry. Coal No. 3 in Tuscarawas county. Geol. of O., v. 3, 
pp. 59-60. 

Orton. Coal No. 3 in Hanging Rock district. Geol. of O.., v. 3 
pp. 912-18. 

Orton. Coal No. 3, or Lower Mercer coal. Geol. of O., v. 5, pp. 
158-59. 

Read. Coal No. 3in Holmes county. Geol. of O., v. 3, pp. 551- 
54. 





Read. Coal No.3 in Wayne county. Geol, of D.,1.3, pp. 5835-36. 


Stevenson. Coal Nq. 3 in Guerngey county Gear. bh 0., 4.3, PP 
224-25. j 
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Coal No. 3. Stevenson. Coal No. 3in Muskingum county. Geol. of 
O., v. 3, p. 241. 


Coal No. 3a. Coal No. 3a, or Upper Mercer coal. Geol. of O., v. 5, pp. 
159-60. | " 


Coal No. 3b. Orton. Tionesta or Coal No. 3b. Geol. of O., v. 5, p.160. 


Coal No. 4. Hodge. Coal No. 4 in Coshocton county. Geol. of O., v.3, 

pp. 579-80, 573-74. 

Newberry. Coal No. 4. Rep. Prog. 1870, pp. 34-36. Geol. of 

O., v. 2, pt. 1, pp. 139-43. 

Newberry. Coal No. 4 in Mahoning county. | Geol. of O., v. 3, 

pp. 795-96, 806-11. 

Newberry. Coals No. 3 and 4in Portage county. Geol. of O., v. 
3, pp. 141-49. 

———Newberry. Coals No. 3 and 4in Stark county. Geol. of O., v. 

3, pp. 167-70. 

Newberry. Coal No. 4in Tuscarawas county. Geol. of O.v. 3, 

pp. 60-62. 

———Orton. Brookville, or Coal No. 4. Geol. of O., v. 5, pp. 160-62. 

Orton. Clarion or Coal No. 4a. Geol. of O., v. 5, p. 163. 

Orton. Coal No. 4 in Hanging Rock district. Geol. of O., v. 3, 

pp. 915-16. 

Read. Coal No. 4 in Holmes county. Geol. of O., v. 3, pp. 554- 

55. 

Stevenson. Coal No. 4 in Carroll county. Geol. of O., v. 3, pp. 

193-94. 

Stevenson. Coal No. tin Guernsey county. Geol. of O., v. 3, pp. 

224-36. 

Stevenson. Coal No. 4in Muskingum county. Geol. of O., v. 3, 

p. 241. 
































Coal No.5. Newberry. Rep. Prog. 1870, pp. 36-38. 
—Newberry. Geol. of O., v. 2, pt. 1, pp. 143-46. 
Newberry. Coal No. 5 in Jefferson county. Geol. of O., v. 3, pp. 
727-28, 541, 743-44, 757-60. 
———-Newberry. Coal No. 5 in Mahoning county. Geol. of O., v. 3, 
pp. 796-97. 











Newberry. Coal No. 5 in Stark county. Geol. of O., v. 3, pp. 
170-74. 

Newberry. Coal No. 5 in Tuscarawas county. Geol. of O., v. 3, 
pp. 64 -66. 
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Coal No. 5. Orton. Coal No. 5 in Hanging Rock district. Geol. of 
O., v. 3, p. 916. 

Orton. Lower Freeport, or Coal No. 5. Geol. of O., v. 5, p. 166. 
Orton. Lower Kittanning, or Coal No. 5, Geol. of O., v. 5, pp. 
163-64. 

—Read. Coal No. 5in Holmes county. Geol. of O., v. 3, p. 555. 
Stevenson. Coal No. 5 in Carroll county. Geol. of O., v. 3, pp. 
191-92. 

Stevenson. Coal No. 5 in.Muskingum county. Geol. of O., v. 3, 
p. 241. 

















Coal No.6. Andrews. Coal No. 6 in the Hocking valley. Geol. of O: 
v. 3, pp. 826-50. 

Hodge. Coal No. 6 in Coshocton County. Geol. of O., v. 3, pp, 

569-71, 573-74, 578-79, 583-85, 588-93. | 
Newberry. Coal No.6. Rep. Prog. 1870, pp. 38-41. 

Newberry. Coal No. 6. Geol. of O., v. 2, pt. 1, pp. 146-49, 151. 

Newberry. Coal No. 6 .n Mahoning county. Geol. of O., v. 3, 
pp. 798-99. 

Newberry. Coal No. 6 in Jefferson county. Geol. of O., v. 3, pp. 
727, 733, 736-37, 756-57, 760. 

Newberry. Coal No. 6 in Stark county. Geol. of O., v. 3, pp. 
174-75. 

Newberry. Coal No. 6 in Tuscarawas county. Geol. of O., v. 3, 
pp. 67-72. 

Orton. Coal No. 6 in Hanging Rock district. Geol. of O., v. 3, 
pp. 916-20. 

Orton. Middle Kittanning, or Coal No. 6. Geol. of O., v. 5, pp. 
165-66. 

Read. Coal No. 6 in the Hocking Valley. Geol. of O., v. 3, pp. 

648-52, 661-71. 
Read. Coal No. 6 in Holmes county. Geol. of O., v. 3, pp. 555-57. 
Read. Coal No. 6 in Wayne county. Geol. of O., v. 3, pp. 534- 
35. | 

Stevenson. Coal No. 6 in Carroll county. Geol. of O., v. 3, pp. 
187-191, 196-97. 

Stevenson. Coal No. 6in Guernsey county. Geol. of O., v. 3, pp. 
224, 232, 234, 236. 


Stevenson. Coal No. 6in M . um county. Geol. of O., v. 3, 
pp. 240-41. Lagysne 
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Coal Analyses. Andrews. Analysesof Nelsonville coal.’ “0. Gel: Sür;; 
Rep. Prog. 1869, pp. 104-05. 


—Bleininger. Determination of carbon ‘and coal in cement ma- 
terials. O. Geol. Sur., Bull. No. 3, p. 142. 


Howard. Coal from’ Hanging Rock district. Geol. of 0. v. 3; 


























pp. 939-40. 

Lord. Akron furnace mine Longstreth’ s mine. Geol. of O., v. 
5, p. 967. ie u " 
Lord. Bedford cannel coal of Coshocton county. ' Geol. of O., 

v. 5, p. 851. tee 

—Lord. Bloom township coal, Meigs cr creck seam. “Geol. of O., v. 5, 
p. 1064. 

Lord. Brookfield coal, Meigs creek seam. Geol. of O., v. 5, p. 
1074. 

Lord. Brooks mine, Nelsonville district. Geol. of 0. y v. 5, p. 
973. | 

Lord. Brush creek coal, Dell Roy field, Carroll county. Geol. of 
O., v. 5, p. 248. 


Lord. Burnet mine, Massillon field. Geol. of O., v. 5, p. 785. 
Lord. Cambridge coal, Guernsey county. Geol. of O., v. 5, pp. 
292-95. 

Lord. Camp creek hard coal, Massillon field. Geol. of O., v. 5, 
p. 812. 

Lord. Cannel coal of Milton township, Jackson county. Geol. of 
O., v. 5, p. 1032. 

Lord. Carbondale coal, Nelsonville district. Geol. of O., v. 5, 
p. 981. 

Lord. Coal from Carbon Hill mine, Monday creek. Geol. of O., 
v. 5, p. 965. 

Lord. Center township coal, Meigscreekseam. Geol. of O., v. 5, 
p. 1070. 

Lord. Coals described in v. 5, Geol. of O. Geol. of O., v. 5, pp. 
1099-1110. 

Lord. Coshocton from Coshocton county. Geol. of O., v. 5, pp. 
863, 965-66. 

Lord. Dennison mine, Massillon field. Geol. of O., v. 5, p. 784. 
Lord. Diamond coal works, Massillon field. Geol. of O., v. 5, p. 
787. 

Lord. Coalfrom Diamond seam. Geol. of O., v. 5, p. 214. 

Lord. Elm Run mine, Massillon field. Geol. of O., v. 5, p. 814. 
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Coal. Analysas. ' Lord: - Enoch towsthip coal, Meigs creek? “aeTlRPA des 
of O. ‚ v. 5, p. 1078.: ee eh MRR 

Lord. -Hvansdalelmestone cöal. ~ Géol. of O., v. 5, p: 285: "—— 

Lord. Excelsior slope, Massillon field. Geol. of 6. v. 5; p. 786. 

Lord. Finley coal in Jefferson county. Geol. of O., v. 5, p. 215: 

Lord. Flushing coal, Meigs creek seam. Geof” of o., 'v. 5, p. 




















1084. | a 
Lord. Fox Lake mine, Massillon. field. Geol. of O., v. 5, pp. 

792-93. | | oe 
Lord. Gilliland or Canter coal from Jackson county. Geol. of O., 
"v.5,p. 1011. 





Lord. Greentown limestone coal. Geol. of O., v. 5, p. 233. 


Lord. Happy Hollow, Upper Freeport of Nelsonville district,. 
Geol. of O., v. 5, p. 985. 


Lord. Jackson shaft coal. Geol. of O., v. 5, p. 1015. . 
Lord. Lake View mine, Massillon field. Geol. of O., v. 5, p. 782.. 
Lord. Lawrence mine, Massillon field. Geol. of O., v. 5, p. 802. 


-Lord. Coal from Lawrence township, Stark county. Geol. of O., 
v.90, p. 799. 


Lord. Lower Freeport coal, Jefferson county. Geol. of O., v. 5, 
p. 223. 


-Lord. Lower Kittanning, Guernsey county. Geol. of O., v. 5,. 
p. 284. 


-Lord. Lower Kittanning of Holmes county. Geol. of O., v. 5,- 
p. 829. 


Lord. Lower Kittanning in north Perry county. Geol. of O., 
v. 5, p. 897. 


Lord. Lower Kittanning, Sandy township, Stark county. Geol. 
of O., v. 5, p. 241. 


Lord. Lower Kittanning, Tuscarawas county. Geol. of O., v. 5,. 
p. 262. 


Lord. Lower Mercer in Holmes county. Geol. of O., v. 5, p. 824.. 









































Lord. Marion township coal, Meigs creek seam. Geol. of O., v. 
5, p. 1061. 


Lord. Meigscreek coal. Geol. of O., v. 5, pp. 1060-61, 1064-65, . 
1067-68, 1070, 1072, 1074, 1078, 1080, 1083, 1084. 

Lord. Middlebury shaft coal, Massillon field. Geol. of O., v. 5,. 
p. 780. 


Lord. Middle Kittanning from Buckingham mine 19, Sunday 
creek district. Geol. of O., v. 5 p. 939. 
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Coal Analyses. Lord. Middle Kittanning coal at Chestnut Grove 
mine, Stark county. Geol. of O., v. 5, p. 237. 


Lord. Middle Kittanning in Holmes county. Geol. of O., v. 5, 
pp. 830-32, 933-35. 

—— Lord. Middle Kittanning in north Perry county. Geol. of O., 
v. 5, pp. 887-88, 903. 

——Lord. Middle Kittanning, Osnaburg mine, Stark county. Geol. 
of O., v. 5, p. 240. 


Lord. Middle Kittanning, Pike township, Stark county. Geol. 
of O., v. 5, p. 238. 


Lord. Middle Kittanning, Tuscarawas county. Geol. of O., v. 5, 
pp. 267, 279. 

Lord. Mine No. 9, Straitsville district. Geol. of O., v. 5, p. 957. 
Lord. Morgan township, Meigs creek seam. Geol. of O., v. 5, 
p. 1065. 

Lord. Nelsonville coal. Geol. of O., v. 5, pp. 975, 977. 


Lord. New Castle coal of Lawrence county. Geol. of O., v. 5, p. 
1045. 


Lord. New Chippewa mine, Massillon field. Geol. of O., v. 5, 
p. 791. 


Lord. Pittsburg coal from Belmont county. Geol. of O., v. 6, 
pp. 607-09, 611-12, 616-17, 622. 


Lord. Pittsburg coal from Guernsey county. Geol. of O., v. 6, 






































p. 626. 

Lord. Pittsburg coal from Jefferson county. Geol. of O., v. 6, 
p. 599. 

Lord. Coal from Pomeroy field. Geol. of O., v. 6, pp. 637-39, 
642. 





Lord. Rixville coal, Meigscreek seam. Geol. of O., v. 5, p. 1072. 
Lord. Sharon coal, Holmes county. Geol. of O., v. 5, p. 821. 
Lord. Sharon coal, Portage county. Geol. of O., v. 5, p. 228. 


Lord. Coal from mines in Shawnee district. Geol. of O., v. 5, 
pp. 949-50, 952. 


Lord. Silver Creek, shaft 2, Massillon field. Geol. of O., v. 5, 
p. 788. 

Lord. Sippo mine, Massillon field. Geol. of O., v. 5, p. 808. 
Lord. Coal from State Line mine. Geol. of O., v. 5, p. 198. 
Lord. Steubenville shaft coal. Geol. of O., v. 5, p. 219. 

Lord. Straitsville Central mine. Geol. of O., v. 5, p. 955. 

Lord. Talmadge coal, Massillon field. Geol. of O., v. 5, p. 780. 
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Coal Analyses. Lord. Tionesta coal of Tuscarawas county. Geol. of 
O., v. 5, p 259. , 


Lord. Upper Barnesville coal. Geol. of O., v. 5, p. 1083. 
Lord. Upper Freeport of Carroll county. Geol. of O., v. 5, pp. 

















250-51. 

Lord. Upper Freeport of Nelsonville district. Geol. of O., v. 5, 
p. 985. 

Lord. Upper Freeport coal of Salineville. Geol. of O., v. 5, pp. 
202-03. 

Lord. Upper Freeport of Sunday creek district. Geol. of O., v. 
5, pp. 941-42. ° 





Lord. Upper Mercer of Holmes county. Geol. of O., v. 5, p. 826. 
Lord. Upper Sunday creek coal. Geol. of O., v. 5, p. 933. 
Lord. Waterloo coal of Gallia county. Geol. of O., v. 5, p. 1058. 


Lord. Wellston, or Coalton coal of Jackson county. Geol. of O., 
v. 5,p. 1021. j 


Lord and Wormley. Block coal of Trumbull county. Geol. of 
O., v. 5, pp. 170-72. 


——— Lord and Wormley. Leetonia coal and coke. Geol. of O., v. 5, 
pp. 190, 192. 


— —— Newberry. Coal from Mahoning county. Geol. of O., v. 3, pp. 
813-14. 


——— Newberry. Analyses of Coal No.1. Rep. Prog. 1870, p. 27. 
Coal No. 2, p. 31; Coal No. 3, p. 33; Coal No. 4, p. 36; Coal No. 
5, p. 38; Coal No. 6, pp. 39-42. 


———Orton. Coal in Pike county. Geol. of O., v. 2, pt. 1, pp.632-33. 


——-Orton. Coal in Shade creek division of Pomeroy and Federal 
creek field. Geol. of O., v. 6, p. 644. 

——.-Read. Coal in the Hocking valley. Geol. of O., v. 3, pp. 650- 
51, 671, 673, 682-83, 685, 701-02. 

——-Wormley. Analyses of coal from Athens county. Geol. of O, 
v. 1, pt. 1, pp. 264, 266-67, 275-76, 285. 

——-Wormley. Coal in Belmont county. Geol. of O., v. 2, pt. 1, p. 
559. 

——--Wormley. Elk township, Vinton county coal. Rep. Prog. 1870, 
pp. 112-13. 


——-—Wormley. Analyses of coal from Gallia county. Geol. of O., v. 
1, pt. 1, pp. 227, 229-30, 240. 


— — —Wormley. Coal in Guernsey county. Geol. of O., v. 2, pt. 1, pp. 
533, 540-41, 535. 
6—S. G.—Bull. 6. 
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Coal Analyses. Wormley. Coal in Harrison township, Scioto county. 
Rep. Prog. 1870, p. 164. 

—— Wormley. Coalin Holmes county. Geol. of O., v. 3, p. 559 
Wormley. Coal in Jackson county. Rep. Prog.1870, pp.129-30 
133, 140-41, 145-46, 149-50, 157-58. 

—— -Worniey. Coal in Jefferson county. Geol. of O., v. 3, p. 779. 

——-—Wormley. Coal in Lawrence county. Rep. Prog. 1870, pp. 195- 
96, 207. 

———Wormley. Madison township, Vinton county coal. Rep. Prog. 
1870, p. 115. 

—-——Wormley. Methods of analysis. Rep. Prog. 1870, pp. 403-13, 
421-24, 426-27. 

———Wormley. Coal in Noble county. Geol. of O., v. 2, pt. 1, pp. 
511, 525-27. 

——-—Wormley. Richland township, Vinton county coal. Rep. Prog. 
1870, pp. 100-02. 

———Wormley. Coal of the 2d geological district. Geol. of O., v. 2, 
pt. 1, p. 608. 

—— —Wormley. Stokely coal. Rep. Prog. 1870, p. 99. 

—-——Wormley. Coal in Summit county. Geol. of O., v. 1, pt. 1, p. 
222. 

-—-——Wormley. Tables of coal analyses of 2d geological district. Rep 

Prog. 1870, pp. 223-33. 

Wormley. Tables. Rep. Prog. 1870, pp. 414-20, 425, 428-29. 

Wormley. Coal in Washington county. Geol. of O., v. 2, pt. 1, 

pp. 481, 483-84, 490. 

— —— Wormley. Willow bank coal of Tuscarawas region. Geol. of O., 
v. 5, p. 467. 

———Wormley. Wolfe coal. Rep. Prog. 1870, p. 106. 

— —-Wormley and others. Coal No. 6in Hocking Valley. Geol. of O., 
v. 3, pp. 827-30, 833-35, 937, 842-44, 848. 











Coal Composition. Orton. Composition of Ohio coals. Geol. of O., 
v. 5, pp. 146-50. 


Coal Equivalents. Orton. Equivalent names and number of coals of 
Ohio. Geol. of O., v. 5, pp. 49, 66-68, 73, 75-77, 80-81, 85, 98-99, 
100-01, 103-05, 108, 110, 121, 124-25, 127, 132-33, 156-68, 185, 
193, 207, 211, 229-30, 239, 244, 273, 277, 299, 405, 431, 843-44, 
869, 994, 1025, 1037. 


Coal Fields. Orton. Cambridge coal field. Geol. of O., v. 5,pp.289-97. 
Orton. Coal fields in Ohio. Geol. of O., v. 7, pp. 255-90. 
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Coal Fields. Orton. Dell Roy field. Geol. of O., v. 5, pp. 245-52. 


Orton. East Palestine and State Line coal fields. Geol. of O.,v- 
5, pp. 196-200. 


Orton. Hocking valley coal field. Geol. of O., v. 5, pp. 912-91. 
——-—Orton. Leetonia coal field. Geol. of O., v. 5, pp. 187-96. 

Orton. Massillon coal field. Geol. of O., v. 5, pp. 773-815. 

—— —Orton. Nebo coal field. Geol. of O., v. 5, pp. 222-25. 

Orton. Post Boy borings. Geol. of O., v. 5, pp. 297-300. 
———Orton. Salineville coal fields. Geol. of O., v. 5, pp. 201-07. 


——-Orton. Shawnee and Straitsville district of Hocking valley. 
Geol. of O., v. 5, pp. 944-58. 


Orton. Steubenville field. Geol. of O., v. 5, pp. 215-22. 
——-—Orton. Waterloo coal field of Gallia and Lawrence counties. 
Geol. of O., v. 5, pp. 1052-58. 

Read. Report on the Hocking Valley coal field. Geol. of O., v. 
3, pp. 647-715. 

Roy. Coalton or Wellston coal field. Geol. of O., v. 5, pp. 1015- 
1021. 























Coal-measures. Andrews. Fossil plants of. Geol. of O., v. 2, pt. 2, pp. 
415-26. 

——- —Bownocker. Oil and gas producing rocks in Ohio. O. Geol. 
Sur., Bull. No. 1, pp. 25-30. 

—--Lord. Coal area of Ohio. Geol. of O., v. 5, pp. 443-47. 

Meek. Fossils. Geol. of O., v. 2, pt. 2, pp. 326-47. 


Newberry. Coal-measures in Ohio. Geol. of O., v. 2, pt. 1, pp. 
113-63. 


Newberry. Coal-measures in Ohio. Geol. of O., v. 3, pp. 26-27. 
Newberry. Fauna and flora. Geol. of O., v. 2, pt. 1, pp. 175-80. 


Newberry. Limestones of Upper Coal-measures. Geol. of O., v. 
2, pt. 1, pp. 163-65. 


———Newberry. Lower Coal-measures in Ohio. Geol. of O., v. 2, pt. 1, 
pp. 130-57. Coal No. 1, pp. 183-35. Coal No. 2, pp. 135-36. 
Coal No. 3, pp. 137-38. Coal No. 4, pp. 139-43. Coal No. 5, pp. 
143-46. Coal No. 6, pp. 146-49. Coal No. 6a, p. 151. Coal No. 
7, pp. 151-57. 

-——-Newberry. Upper Coal-measures in Ohio. Geol. of O., v. 2, pt. 

1, pp. 157-65. Coal No. 8, pp. 158-61. Coal No. 9-13, pp. 161-63. 

Orton. Coal-measures in geological series of Ohio. Prelim. Rep. 


on petroleum and inflammable gas, 1887, pp. 39-40. Rep. 1886, 
pp. 26-27. 
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Coal-measures. Orton. Coal-measures in Ohio. Geol. of O., v. 6, pp. 
43-44. Same, Rep. 1890, p. 44. 


Orton. Lime production. Geol. of O., v. 6, pp. 707-08. 

Orton. Lower Coal-measures in Ohio. Geol. of O., v. 7, pp. 36-37. 
———-—Orton. Stratigraphical order of the Lower Coal-measures in Ohio. 
Geol. of O., v. 5, pp. 1-128. 

Orton and Wright. Coal seams of the Lower Coal-measures in 
Ohio. Geol. of O., v. 5, pt. 1, pp. 1-282, 773-1058. 


Orton Jr. and Peppel. Limestones of the Eastern or Coal- 

measure groups for commercial use. O. Geol. Sur., Bull. No. 4, 
pp. 22-23. 

———Read. Dip of the Coal-measures. Geol. of O., v. 3, pp. 560-61. 

Whitfield. Fossils in Ohio. Geol. of O., v. 7, pt. 2, pp. 482-93. 

















Coal Mines. Orton. Diamond coal mine. Geol. of O., v. 5, pp. 210-15. 
-Orton. Coal mines in Scioto and Lawrence counties and western. 
part of Gallia county. Geol. of O., v. 5, pp. 1034-58. 

Orton. Mines in Trumbull, Mahoning, Columbiana, Jefferson, 
Portage, Stark, Carroll, Tuscarawas and Guernsey counties. 
Geol. of O., v. 5, pp. 168-300. 


— -—Orton. Coal mines in Vinton and Jackson counties. Geol. of O., 
v. 5, pp. 992-1034. 








Coal Mining. Roy. Coal mining in Ohio. Geol. of O., v. 5, pp. 301-70. 
—- -—Roy. Conditions of coal mining in Ohio. Geol. of O., v. 5, pp. 








325-28. 

-- .-Roy. Development of coal mining in Ohio. Geol. of O., v. 5, 
pp. 318-24. 

-— —-Roy. Early coal mining in England. Geol. of O., v. 5, pp. 301- 
16. 

_ Roy. Labor-saving machinery in mines. Geol. of O., v. 5, pp. . 
339-44. 

: Roy. Manner of mining coal in Ohio. Geol. of O., v. 5, pp. 328- 
39, 346-58. 


——-Roy. Systems of British mining. Geol. of O., v. 5, pp. 305-16. 
Roy. Ventilation of coal mines. Geol. of O., v. 5, pp. 359-70. 





Coal Ridge Furnaces. Bownocker. Existing salt furnaces in Meigs 
county. O. Geol. Sur., Bull. No. 8, p. 20. 


Coal Seams. Newberry. Extent of coalseams. Geol. of O., v. 2, pt. 1, 
pp. 165-69. 

— —--Newberry. Parallelism of coal seams. Geol. of O.. v. 2, pt. 1, 
pp. 169-72. 
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Columbiana County. Orton. Deep wells, drilling for oiland gas. Geol. 
of O., v. 6, pp. 403-04. | 


Orton. Iron ores. Geol. of O., v. 5, pp. 384-86. 


———-Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to their fitness for portland cement. O. Geol. Sur., Bull. 
No. 4, pp. 56-58. 


Root. Salt manufacture. Geol. of O., v. 6, p. 654. 








Columbus Limestone. Orton, Jr.,and Peppel. Composition of, in Frank- 
lin county, with reference to fitness for portland cement. O. 
Geol. Sur., Bull. No. 4, pp. 63-65. 

——w—Orton, Jr., and Peppel. Composition, physical character and uses 
of, in Ohio. O. Geol. Sur., Bull. No. 4, pp. 159-68. : 

———Prosser. Propriety of retaining this name for certain of the 
Devonian limestones of the revised Ohio geological scale. O. 
Geol. Sur., Bull. No. 7, pp. 24-25. 


Columns. Eno. Use of reinforced concrete for columns and pillars. QO. 
Geol. Sur., Bull. No. 2, pp. 147-48. 


Compression. Peppel. Compression shown by lime-sand brick in 
pressing. O. Geol. Sur., Bull. No. 5, p. 45. 


Conchology, sce Mollusca; Paleontology, Genera and Species. 


Concrete. Eno. Adhesion of concrete to metal. O. Geol. Sur., Bull. 
No. 2, p. 129. 

—-—— Eno. Coefficient of expansion of concrete. O. Geol. Sur., Bull. 
No. 2, pp. 121-22. 

—w——Eno. Specifications for concrete used in concrete construction. 

O. Geol. Sur., Bull. No. 2, p. 191. 

Iino. Specifications for heavy concrete as practiced by U. S. 

engineer. OQ. Geol. Sur., Bull. No. 2, pp. 208-10. 

——-—Eno. Tables showing cost of concrete work in various parts of 

U.S. O. Geol. Sur., Bull. No. 2, pp. 122-23. 

Eno. Uses of cement in concrete. QO. Geol. Sur., Bull. No. 2, pp. 

63-123. 








Concrete Blocks. Eno. Use of concrete blocks in building houses. O. 
Geol. Sur., Bull. No. 2, pp. 74-78. 


Concrete Construction. Eno. Specifications for concrete sidewalks and 
paving as used in Columbus, Ohio. O. Geol. Sur., Bull. No. 2, 
pp. 201-03. 

Eno. Specifications for concrete sidewalks as used in Peoria, Ill. 

O. Geol. Sur., Bull. No. 2, pp. 204-07. 
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Concrete Curb. Eno. Specifications for concrete curb in use in Peoria, 
Ill. O. Geol. Sur., Bull. No. 2, pp. 221-22. 


Concrete Mixers. Eno. Machines used for mixing concrete. ©. Geol. 
Sur., Bull. No. 2, pp. 225, 230-37. 


Concrete Sidewalks. Eno. Sample specification form for sidewalk con- 
struction. O. Geol. Sur., Bull. No. 2, pp. 198-99. 

Eno. Specification for concrete walks as used in Chicago, Ill. O. 
Geol. Sur., Bull. No. 2, p. 200. 





Concrete Specifications. Eno. Specifications for concrete work. O. 
Geol. Sur., Bull. No. 2, pp. 189-222. 


Conemaugh Formation. Prosser. Name and position of this formation 
in the revised geological scale of Ohio. O. Geol. Sur., Bull. No. 


7, pp. 7-8. 


Conglomerate. Andrews. Conglomerate of the Coal-measures. Rep. 

Prog. 1870, pp. 66-71. 

Briggs. Conglomerate in Hocking and Athens counties. Ann. 

Rep., v. 2, 1838, pp. 131-32. 

-Foster. Conglomerate in Muskingum, Licking and Franklin coun- 

ties. Ann. Rep., v. 2, 1838, pp. 99-103. 
——Newberry. Carboniferous conglomerates in Cuyahoga county. 

Geol. of O., v. 1, pt. 1, pp. 184-85. 

— — —Newberry. Conglomerate in Mahoning county. Geol. of O., v. 3, 
p. 784. 

———Newberry. Conglomerate in Ohio. Geol. of O., v. 2, pt. 1, pp. 
103-13; v. 3, pp. 25-26. | 

—— —Newberry. Conglomerate in Summit county. Geol. of O., v. I, 
pt. 1. pp. 212-14. 

———Newberry. Fossils. Geol. of O., v. 2, pt. 1, pp. 110-11. 
Orton. Conglomerate in Pike county. Geol. of O., v. 2, pt. 1, 
pp. 630-31. 

——-—Read. Carboniferous conglomerate in Licking county. Geol. of 

O., v. 3, pp. 358-59. 

Read. Conglomerate in Geauga county. Rep Prog. 1870, p. 

















467-68. | 
Read. Conglomerate in Geauga county. Geol. of O., v. 1, pt. 1, 
pp. 522-23. 

Read. Conglomerate in Holmes county. Rep. Prog. 1870, pp. 
475-76. 


Read. Conglomerate in Holmes county. Geol. of O., v. 3, pp. 
545-48. 
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Conglomerate. Read. Conglomerate in Trumbull county. Geol. of 
O., v. 1, pt. 1, pp. 502-03. 


—w-Read. Sub-carboniferous conglomerate in Wayne county. Geol. 
of O., v. 3, p. 538. 

—— --Read. Waverly conglomerate in Knox county. Geol. of O., v. 3, 
pp. 337-40. _ 

——-Read. Waverly conglomerate in Licking county. Geol. of O., 

v. 3, pp. 360-61. 

Read. Conglomerate in Richland county. Geol. of O., v. 3, pp. 

316-23. 

Wheat. Carboniferous conglomerate in Medina county. Geol. 

of O., v. 3, pp. 363-67, 375-76, 378-79. 








Conglomerate Group. Orton. Conglomerate group in Ohio. Geol. of O., 
v. 6, p. 43; v. 7, p. 36. Same, Rep. 1890, pp. 43-44. 


Conveying Devices. Peppel. Conveying machinery used in the man- 
ufacture of sand-lime brick. O. Geol. Sur., Bull. No. 5, p. 62. 


Cope, Edward D. Synopsis of the extinct batrachia from the Coal- 
measures. Geol. of O., v. 2, pt. 2, pp. 351-411. 


Corals. Nicholson. Description of the corals of the Silurian and 
Devonian systems. Geol. of O., v. 2, pt. 2, pp. 183-242. 

—— --Orton. Corals of the Cincinnati group. Geol. of O., v. 1, pt. 1, 
pp. 387-88. 
Sce also Paleontology—Genera and Species. 


Corniferous Group. Gilbert. Corniferous group in Lucas county. Rep. 
Prog. 1870, pp. 493-94. 

-——-—Meek. Fossils. Geol. of O., v. 1, pt. 2, pp. 194-236. 

—— -Meek. List of fossils. Geol. of O., v. 1, pt. 2, pp. 242-43. 


Corniferous limestone. Andrews. Corniferous limestone in Pickaway 
county. Geol. of O., v. 2, pt. 1, pp. 591-92. 

———Gilbert. Corniferous group in Lucas county. Geol. of O., v. 1, 
pt. 1, pp. 575-77. Fossils, p. 577. 

—— -Hawes. Building stone in Ohio. Geol. of O., v. 5, pp. 629-37. 





Hill. Corniferous limestone in Logan county. Geol. of O., v. 3, 
pp. 485-87. 


——--Newberry. Corniferous limestone. Geol. of O., v. 1, pt. 1, pp. 
142-49. Fossils, pp. 144-47. 


——-Newberry. Corniferous limestone of the Cincinnati arch. Geol. 
of O., v. 1, pt. 1, pp. 105-07. 
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Corniferous limestone. Newberry. Corniferous limestone in Erie 
county. Geol. of O., v. 2, pt. 1, pp. 190-93. 


Newberry. Limestone of Kelly’s Island. Geol. of O., v. 2, pt. 1, 
pp. 200-01. 


Newberry. Corniferous limestone in Ohio. Rep. Prog. 1869, pp. 
17-18; Geol. of O., v. 1, pt. 1, pp. 67-68; v. 3, pp. 10-11. 


Newberry. Fishes. Geol. of O., v. 1, pt. 2, pp. 264-68. 
Newberry. Fossils. Geol. of O., v. 2, pt. 1, pp. 191-93. 
Nicholson. Corals. Geol. of O., v. 2, pt. 2, pp. 230-42. 


Orton. Corniferous limestone in Franklin county. Geol. of O., 
v. 3, pp. 603-632. 


— ——Orton. Corniferous limestone in geological series of Ohio. Prelim. 
Rep. on petroleum and inflammable gas, 1887, p. 34. Rep. 1886, 
p. 23. 


Orton. Corniferous limestone in Madison county. Geol. of O., 
v. 3, pp. 421-23. 


———Orton. Fossils. Geol. of O., v. 3, pp. 618-29. 


Orton, Jr., and Peppel. Composition of, in Crawford county,with 
reference to fitness for portland cement. O. Geol. Sur., Bull. No. 
4, p. 58; in Defiance county, pp. 59-60; in Delaware county, pp. 
60-61; in Erie county, pp. 61-62; in Franklin county, pp.63-65; 
in Henry county, p. 134; in Logan county, p. 89; in Lucas county, 
pp. 90-92; in Marion county, pp. 93-96; in Ottawa county, pp. 
108-111; in Paulding county, p. 135; in Pickaway county, p. 135; 
in Sandusky, county pp. 120-21; in Seneca county, pp. 124-25; 
in Union county, p. 135; in Wood county, pp. 132-34; in Wyandot 
county, p. 135. 


Orton Jr. and Peppel. Corniferous for Portland cement making. 
QO. Geol. Sur., Bull. No. 3, p. 90. 

Orton, Jr., and Peppel. Composition, physical character and 
uses in Ohio. O. Geol. Sur., Bull. No. 4, pp. 158-68. 

Peppel. Use of Corniferous as building stone in Ohio. O. Geol. 
Sur., Bull. No. 4, p. 212. 

Peppel. Use of, for crushed stone in Ohio. O. Geol. Sur., Bull. 
No. 4, pp. 216-222. 

———Read. Corniferous limestone in Huron county. Geol. of O., v. 3 
p. 309. 

Winchell. Corniferous limestone in Crawford county. Geol. of 
O., v. 2, pt. 1, pp. 243-246. 

Winchell. Corniferous group in Delaware county. Geol. of O., 
v. 2, pt. 1, pp. 289-301. 
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Corniferous limestone. Winchell. Corniferous limestone in Marion 
county. Geol. of O., v. 1, pt. 1, pp. 642-43. 

——-Winchell. Corniferous in Paulding county. Geol. of O., v. 2, pt. 
1, pp. 339-40. 

———Winchell. Corniferous limestone in Sandusky county. Geol. of 
Ö.,v. 1, pt. 1, pp. 603-06. 

——-Winchell. Corniferous limestone in Seneca county. Geol. of O., 
v. 1, pt. 1, pp. 619-22. Eden, Bloom township, p. 619. Scipio, 
Kden township, p. 620. Thompson township, pp. 620-21. Bloom 
township, pp. 621-22. 

——— Winchell. Corniferous limestone in Wyandot county. Geol. of 
Ö., v. 1, pt. 1, pp. 636-37. 

—— - -Winchell. Lower Corniferous in Hardin county. Geol. of O., v. 

2, pt. 1, p. 356. 

Winchell. Lower Corniferous in Union county. Geol. of O., v. 2, 

pt. 1, p. 328. 

——--Winchell. Lower Corniferous in Wood county. Geol. of O., v. 2, 
pt. 1, p. 383. 
See also Upper Helderberg Group, Columbus limestone; Delaware 
limestone. 





Corning Oil and Gas Field. Bownocker. Wells in Perry county. O. 
Geol. Sur., Bull. No. 1, pp. 257-65. 


Corrosion. Eno. Dangers of corrosion in steel and iron bars used in 
reinforced concrete construction. O. Geol. Sur., Bull. No. 2, pp. 
126-29. 


Coshocton. Orton. Deep wells, explorations for natural gas in Clinton 
limestone. Rep. 1890, pp. 245-46. 


Coshocton County. Bownocker. Oil and gas production. O. Geol. 
Sur., Bull. No. 1, pp. 291-92. Adams township, p. 292. Frank- 
lin township, p. 292. Jefferson township, p. 292. Lafayette 
township, p. 292. Linton township, p. 292. Tuscarawas town- 
ship, pp. 291-92. White Eyes township, p. 292. 


Hodge. Geology. Geol. of O., v. 3, pp. 562-95. Geologic map, 
Coshocton and other counties, 31.7x42 cm. 

Hodge. Topography. Geol. of O., v. 3, pp. 562-63. 
—--—Hodge. Local geology. Geol. of O., v. 3, pp. 569-94. Adams 
township, pp. 579-80. Bedford township, pp. 581-83. Bethle- 
hem township, pp. 577-78. Clarke township, pp. 569-72. Craw- 
ford township, p. 574. Franklin township, pp. 591-92. Jackson 
township, pp. 583-85. Jefferson township, pp. 576-77. Keene 
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Coshocton County. Hodge.—-(Continued.) 

township, pp. 578-79. Lafayette township, p. 588. Linton. 
township, pp. 592-94. Newcastle township, pp. 574-76. Mill 
Creek township, pp. 572-74. Monroe township, p. 569. Oxford 
township, p. 588. Perry township, pp. 580-81. Pike township, 
pp. 588-89. Tiverton township, pp. 568-69. Tuscarawas town- 
ship, pp. 585-87. Virginia township, pp. 590-91. Washington 
township, pp. 589-90. White Eyes township, p. 579. 


Orton. Deep wells, explorations for oil and gas. Geol. of O., v. 6, 
pp. 368-69. 
Orton, Jr. Coal mines. Geol. of O., v. 5, pp. 843—67. 


-Orton, Jr., and Peppel. Limestone resources of, small. O. Geol. 
Sur., Bull. No. 4, p. 136. 


Riddell. Geology of Holmes, Coshocton and Muskingum counties. 
Exec. Docs. 1836, Rep. No. 60, pp. 27-30. 


Cow Run Oil Field. Bownocker. Geology. O. Geol. Sur., Bull. No. 
1, pp. 167-70. 


———-Bownocker. Oil and gas in Washington county. O. Geol. Sur., 
Bull. No. 1, pp. 150-54; 164-72. 














Cracks. Eno. Hair cracks or sun cracks in cement surfaces. O. Geol. 
Sur., Bull. No. 2, pp. 37-41. | 


Crawford County. Briggs. Geology. Ann. Rep., v. 2, 1838, pp. 118- 


. 129. 
———Orton. Deep wells, explorations for oil and gas. Geol. of O., v. 6, 
pp. 363-64. 


——--Orton, Jr., and Peppel. Composition of lieestones of, with ref- 
erence to fitness for portland cement. O. Geol. Sur., Bull. No. 
4, p. 58. 

- Riddell. Geological formation. Ohio Exec. Docs. 1836, pt. 1, pp. 
15-18. 

— —- -Winchell. Geology. Geol. of O., v. 2, pt. 1, pp. 236-52. Geo- 
logie map, 10.8x10.5 em. 

-— -----Winchell. Topography. Geol. of O., v. 2, pt. 1, pp. 236-39. 

Cretaceous System. Newberry. Geol. of O., v. 1, pt. 1, pp. 82-83. 

Crinoidea, sce Echinoderma (Palaeozoic); Paleontology, Genera and 
Species 

Crops. Klippart. Tables of, from Maumee valley. Rep. Prog. 1870, 
pp. 382-92. 


Crushed Stone. Orton, Jr., and P 


app el. Use of Cornierous limestone 
for crushed stone and ball 


., Wi. Wo. 4, p. 186. 
Agt. O- Geol, gut 
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Crushed Stone. Orton, Jr. and Peppel. Use of Niagara limestones 
for crushed stone in Ohio. O. Geol. Sur., Bull. No. 4, p. 154. 

—— —-Peppel. Use of limestone for crushed stone in Ohio. O. Geol. 
Sur., Bull. No. 4, pp. 216-222. 


Crushing Machines. Bleininger. Machines used for erushing test of 
Portland cement. O. Geol. Sur., Bull. No. 3, pp. 342-49. 


—--—- Bleininger. Rough crushing machinery for preparation of cement. 
O. Geol. Sur., Bull. No. 3, pp. 254-59. 


Crushing Strength. Peppel. Mechanical test to determine crushing 
strength of sand-litne brick. O. Geol. Sur., Bull. No. 5, pp. 48-49. 


Crustacea. Locke. Isoletus maximus found in Adams county. Ann. 
Rep., v. 2, 1838, pp. 247-49. Plates showing drawings of this 
trilobite. 

—--—Meek. Crustacea of Cincinnati group. Geol. of O., v. 1, pt. 2, pp. 
158-75. 

—--— Meck. Crustacea of the Corniferous group. Geol. of O., v. 1, pt. 
2, pp. 233-36. | 

-—— -Meek. Crustacea of the Magara and Clinton groups. Geol. of 
O., v. 1, pt. 2, pp. 187-93. 


See also Palcontology—Genera and Sfecics. 





— -—Orton. Trilobites of Cincinnati group. Geol. of O., v. 1, pt. 1, 
pp. 398-99. 

Cryptograms. Kellerman and Werner. Vascular cryptograms of Ohio. 
Geol. of O., v. 7, pt. 2, pp. 246 51. 


Cubical Mixers. Eno. Cubical conerete mixing machines, with illustra- 
tion. O. Geol. Sur., Bull. No. 2, pp. 232-34. 


Culverts. Iino. Use of conerete in culverts. ©. Geol. Sur., Bull. No. 2, 
p. 68. 


Cumberland Coal. Andrews. Cumberland coal in Morgan county. Geol. 
of O., v. 1, pt. 1, pp. 294--313. 


Cummings’ System. Ino. Cummings’ system of reinforeed concrete 
construction. Q. Geol. Sur., Bull. No. 2, p. 137. 


Curbs. Eno. Use of conercte for curbs and gutters. QO. Geol. Sur., 
Bull. No. 2, pp. 116-17. 


Cuyahoga County. Newberry. Geology. Geol. of O.. v. 1, pt. 1, pp. 
171-200. Geological map of the county (colored), 12.3x21.2 em. 

—— — Newberry. Soil of. Geol. of O., v1, pt. 1. pp. 173-7-L. 

— — -Newberry. Topography. Geol. of 0., v. 1, pt. 1, pp. 171-78. 
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Cuyahoga County. Orton. Deep wells, explorations for oil and gas. 
Geol. of O., v. 6, pp. 351-56. 
-Orton. Shale gas. Geol. of O., v. 6, pp. 428-36. 





Cuyahoga Formation. Prosser. Position of the Cuyahoga formation 
in the revised Ohio geological scale. O. Geol. Sur., Bull. No. 7, 
pp. 18-19. 


Cuyahoga Shale. Herrick. Cuyahoga shale and its fossils. Geol. of O., 

v. 7, pt. 2, pp. 508-12. 

Newberry. Cuyahoga shale in Lorain county. Geol. of O., v. 2, 

pt. 1, pp. 210-11. 

——-Newberry. Cuyahoga shale in Ohio. Geol. of O., v. 2, pt. 1, pp. 
87-88. Fossils, p. 88. 

— ——Newberry. Cuyahoga shale in Summit county. Geol. of O., v. 1, 
pt. 1, pp. 210-12. 

-————Orton. Cuyahoga shale in Ohio. Geol. of O., v. 6, pp. 37-39. 
Same, Rep. 1890, pp. 37-39. 

—— -Orton. Cuyahoga shale in Ohio. Geol. of O., v. 7, pp. 31-32. 

—— —-Read. Cuyahoga shales in Geauga county. Geol. of O., v. 1, pt. 
1, p. 525. 

——--Read. Cuyahoga shales in Huron county. Geol. of O., v. 3, pp. 
299-300. 

--— —-Read. Cuyahoga shale in Trumbull county. Geol. of O., v. 1, 
pt. 1, pp. 503-14. 

-— ---Wheat. Cuyahoga shale in Medina county. Geol. of O., v. 3, pp. 
363-65, 367-68, 373--75. 

-—-— -Winchell. Cuvahoga shales and sandstones in Delaware county. 
Geol. of O., v. 2, pt. 1, pp. 276-282. 

— ---Winchell. Cuyahgoa shale and sandstone in Morrow county. 
Geol. of, v. 2, pt. 1, pp. 257-59. 

Cystoidea, sce ltchtnoderma; Palcontology—Genera and Species. 





Dams. [no. Specifications for conerete dam in Scioto river, Colum- 
bus, Ohio. O. Geol. Sur., Bull. No. 2, pp. 211-14. 

-— -. ~Use of Conerete i construction of Dams. O. Geol. Sur., Bu 
No. 2, pp. 99-104. 
Use of steel conerete for dams. O. Geol. Sur., Bull. No. 2, pp. 
179-S2. 

Darke County. bownocker. Oil production. ©. Geol. Sur., Bull. 
No. 1, p. 99. 


-- -— Geologie map, Darke and other ounties, showing oil and gas 
territories. 20.7x21 em. py p30. 
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Darke County. Lindemuth. Geology. Geol. of O., v. 3, pp. 496-518. 
Topography. Geol. of O., v. 3, pp. 496-99. 

———Orton. Lime Production. Geol. of O., v. 6, pp. 726-27. 

Oil and gas wells. Geol. of O., v. 6, pp. 271-73. 

Orton, Jr., and Peppel. Composition of limestones of, with ref- 

erence to fitness for portland cement. O. Geol. Sur., Bull. No. 4, 





pp. 58-59. 

Dayton Limestone. Locke and Wormley. Analysis. Geol. of O., 
v. 5, pp. 115. 

————Orton. Occurrence of, in Green county. Geol. of O., v. 2, pt. 1, 
pp. 668-69. 





Orton, Jr., and Peppel. Composition, character and uses of, in 
Ohio. O. Geol. Sur., Bull. No. 4, p. 148. 

Orton, Jr., and Peppel. Composition of, in Greene county, with 
reference to fitness for portland cement. O. Geol. Sur., Bull. No. 
4, pp. 67-68. , 





Decatur Township, Lawrence County. Orton, Jr., and Peppel. Fer- 
riferous limestone in Ohio. O. Geol. Sur., Bull. No. 4, p. 178. 


Decorative Tile. Orton, Jr. Manufacture of encaustic tiling in Ohio 
Geol. of O., v. 5, pp. 717-19. 


Defiance County. Orton, Jr., and Peppel. Composition of limestones 
of, with reference to their fitness for portland cement. O. Geol. 
Sur., Bull. No. 4, pp. 59-60. 

-——-—Winchell. Geology. Geol. of O., v. 2, pt. 1, pp. 422-38. Geo- 
logic map, 15.8x9.7 cm. 
Topography. Geol. of O., v. 2, pt. 1, pp. 422-23. 


Delaware County. Orton. Lime production. Geol. of O., v. 6, pp. 
762-65. 

Orton, Jr., and Peppel. Compositions of limestones of, with 
reference to their fitness for portland cement. O. Geol. Sur., 
Bull. No. 4, pp. 60-61. 


——— Winchell. Geology. Geol. of O., v. 2, pt. 1, pp. 272-311. 
Geologic map, 13.8x10.5 cm. . 
Topography. Geol. of O., v. 2, pt. 1, pp. 272-73. 





Delaware Limestone. Orton, Jr., and Peppel. Composition of, in 
Delaware county, with reference to fitness for portland cement. 
O. Geol. Sur., Bull. No. 4, pp. 60-62; in Franklin county, pp. 63-65. 


Orton, Jr., and Peppel. Composition, physical character and 
uses, in Ohio. O. Geol. Sur., Bull. No. 4, pp. 159-168. 
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Delaware Limestone. Prosser. Notes on propriety of applying this 
name to certain of the Devonian limestones of revised Ohio 
geological scale. O. Geol. Sur., Bull. No. 7, p. 24. 


DeMan’s System. Eno. De Man’s system of reinforced concrete 
construction. O. Geol. Sur., Bull. No. 2, p. 139. 


Devonian Limestones. Orton, Jr., and Peppel. Composition, physical 
character and uses of, in Ohio. O. Geol. Sur., Bull. No. 4, pp. 
158-68. 


Devonian System. Bownocker. Oil and gas producing rocks in Ohio. 
O. Geol. Sur. Bull. No. 1, pp. 21-22. 

————Meek. Description of invertebrate fossils of Devonian and 

Silurian systems. Geol. of O., v. 1, pt. 2, pp. 1-243. 

Newberry. Devonian in Cuyahoga county. Geol. of O., v. 1, 

pt. 1, pp. 190-200. 

—— —Devonian System in Ohio. Geol. of O., v. 1, pt. 1, pp. 65-72, 
v. 3, pp. 9-18. | 

—_-__—Fishes of. Geol. of O., v. 1, pt. 2, pp. 263; v. 2, pt. 3, p. 3-40, 

—---— Nicholson. Amorphozoa. Geol. of O., v. 2, pt. 2, pp. 245-55, 

———Prosser. The division line between Devonian and Carboniferous 

in revised geological scale of Ohio. O. Geol. Sur., Bull. No. 7, 

pp. 20-21. 

Prosser. Table showing formations included in this system in 

revised nomenclature of Ohio geological series. O. Geol. Sur., 

Bull. No. 7, p. 3. 

See also Ohio series; Paleontology-Genera and species. 








Dip. Orton. Strata dip in Ross county. Geol. of O., v. 2, pt. 1, 
pp. 656-58. 
Diluvium, see Drift. 


Dip of Strata. Orton. Effects of disturbances of strata upon accum- 
mulation of oil and gas. Geol. of O., v. 6, pp. 89-96; Rep. 1890, 
pp. 89-92. 

Whittlesey. Geological Report. Ann. Rep., v. 2 (1838), pp. 
41-43. 





Disinfectant. Peppel. Use of hydrated lime as a disinfectant and anti- 
septic. O. Geol. Sur., Bull. No. 4, p. 244. 


Disintegrators. Bleininger. Machines used in cement grinding. O. 
Geol. Sur., Bull. No. 3, pp. 266-67. 


Dolomite. Bleininger. Dolomite ag constituent of hydraulic cement. 
O. Geol. Sur., Bull. No. 3, Pp 37-38. 
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Dolomite. Orton, Jr. and Peppel. Dolomitic limestone in the western 
area of Ohio, and its commercial uses. O.Geol. Sur., Bull. No. 4, 
pp. 23-24. 


Dolomite Lime. Peppel. Definition, uses and manufacture. O. Geol. 
Sur., Bull. No. 4, pp. 251-59. 

——Peppel. Dolomite lime in lime industry of Ohio. O. Geol. Sur., 

Bull. No. 4, pp. 222-30. 

Peppel. Method of slaking dolomite lime. O. Geol. Sur., Bull. 

No. 4, pp. 258-59. 


Draft. VPeppel. Importance of the draft in burning lime. O. Geol. 
Sur., Bull. No. 4, p. 310. 


Drainage. Klippart. Drainage in Maumee valley. Rep. Prog., 1870. 
pp. 329-39. 


Drain-Tile. Orton, Jr. Manufacture in Ohio. Geol. of O., v. 5, 
pp. 709-11. 





Drawing. Peppel. Drawing of lime after burning. O. Geol. Sur., 
Bull. No. 4, pp. 315-16. 


Dresden. Orton. Deep wells, explorations for natural gas in Clinton 
Limestone. Sep., 1890, pp. 246. 


Drift. Andrews. Drift in Fairfield county. Geol. of O., v. 2, pt. 1, 
p. 593. . 

Andrews. Drift in Second geological district. Rep. Prog., 1869, 

pp. 58-61. 

Andrews. Surface drift in Second geological district. Rep. 

Prog., 1870, pp. 57-8. 

Andrews. Drift in the Second geological district. Geol. of O., 

v. 2, pt. 1, pp. 441-82. 

—— -Bleininger. Glacial clays suitable for cement making. O. Geol. 

Sur., Bull. No. 3, pp. 82-83. 

Briggs. Superficial materials in Crawford county. Ann. Rep., 

v. 2, 1838, pp. 122-29. 

—— -Briggs. Superficial materials resting on the limestone in Wood 
county. Ann. Rep., v. 2, 1838, pp. 114-18. 

__——Gilbert. Drift in Williams county. Rep. Prog., 1870, pp. 
487-88. 

——.-Gilbert. Superficial deposits in Lucas county. Rep. Prog., 

1870, pp. 495-96. 

Gilbert. Surface geology in Maumee valley. Geol. of O., v. 1, 

pt. 1, pp. 537-56. 
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Drift. Orton. Lime production. Geol of O., v. 6, p. 708. 

Read. Drift in Geauga county. Rep. Prog., 1870, p. 470. 
Read. Drift in Holmes county. Rep. Prog., 1870, p. 474; Geol. 
of O., v. 3, p. 541. 

Read. Driftin Knoxcounty. Geol. of O., v. 3, pp. 325-33. 
Read. Drift in Licking county. Geol. of O., v, 3, pp. 349-52. 
Read. Drift in Richland county. Geol. of O., v. 3, pp. 312-14. 
Read. Soil, drift and lake ridges of Lake county. Geol.of O., 
v. 1, pt. 1, pp. 516-19. 

Read. Drift of Ashland county. Geol. of O., v. 3, pp. 520-22. 
Read. Surface deposits in Geauga county. Geol. of O., v. 1, 
pt. 1, pp. 527-28. 

Read. Surface deposits in Huron county. Geol. of O., v. 3, pp. 
289-99. 

Winchell. Drift in Allen county. Geol of O., v. 2, pt. 1 p. 401. 
Winchell. Drift in Auglaize county. Geol. of O., v. 2, pt. 1, pp. 
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Winchell. Drift in Crawford county. Geol. of O., v. 2, pt. 1, 
pp. 46-48. 

Winchell. Drift in Defiance county. Geol. of O., v. 2, pt. 1, 
pp. 428-34. 

Winchell. Drift in Delaware county. Geol. of O., v. 2, pt. 1, 
pp. 302-06. 

Winchell. Drift in Hancock county. Geol. of O., v. 2, pt. 1, pp. 
364-65. 

Winchell. Drift in Hardincounty. Geol. of O., v. 2, pt. 1, pp. 
356-57. 

Winchell. Driftin Henry county. Geol. of O., v. 2, pt. 1, pp. 
418-21. 

Winchell. Drift in Marion county. Geol. of O., v. 1, pt. 1, p. 
644. 

Winchell. Drift in Mercer county. Geol. of O., v. 2, pt. 1, 
413. 

Winchell. Drift in Morrow county. Geol. of O., v. 2, pt. 1, 
pp. 265-67. : 

Winchell. Drift in Paulding county. Geol. of O., v. 2, pt. 1, p. 
345. . 
Winchell. Drift in Putnam county. Geol. of O,, v. 2, pt. 1, 
pp. 391-92. 


Winchell. Drift in Sandusky county. Geol. of O., v. 1, pt. 1, p. 
606. 
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Drift. Winchell. Drift in Seneca county. Geol. of O., v. 1, pt. 1, pp. 
622-23. 

Winchell. Drift in Union county. Geol. of O., v. 2, pt. 1, pp. 
329-32. 

Winchell. Drift in Van Wert county. Geol. of O., v. 2, pt. 1, 
pp. 318-21. 

Winchell. Drift in Wyandot county. Geol of O., v. 1, pt. 1, 
pp.637-39. 

Winchell. Drift in Wood county. Geol. of O., v. 2, pt. 1, pp. 
383-85. 

See also Pleistocene. 














Dromedary Mixer. Eno. Dromedary concrete mixing machine. With 
illustration. O. Geol. Sur., Bull. No. 2, pp. 232, 236-237. 


Drum Mixer. Eno. Ransome drum mixer for concrete making. O. 
Geol. Sur., Bull. No. 2, pp. 225, 230-231. 


Dry Slaking Process. Peppel. The dry slaking process in manufacture 
of sand-lime brick. O. Geol. Sur., Bull. No. 5, pp. 20-21. 


Dunkard Formation. Prosser. Location of Dunkard formation in Ohio 
geological scale. O. Geol. Sur., Bull. No. 7, p. 7. 


Dykema Block Machine. Eno. Dykema machine for concrete blocks. 
OÖ. Geol Sur., Bull. No. 2, pp. 240-48. 


Earthenware, see Pottery. 


Eastern Ohio Region. Lord. Iron manufacture. Geol. of O., v. 
5, pp. 468-73. 


East Liverpool Gas Wells. Orton. Berea grit as source of East 
Liverpool gas wells. Prelim. Rep., on petroleum and inflam- 
mable Gas. 1886, pp. 55-56; 1887, pp. 81-82. 

Orton. Productive oil and gas fields of Ohio. Geol. of O., v. 6, 
pp. 333-36. 

Echinoderma. Meek. Asteroidea, in the Cincinnati group. Geol. of 
O., v. 1, pt. 2, pp. 58-68. 

Meek. Crinoidea of the Cincinnati group. Geol. of O., v. 1, pt. 
2, pp. 1-39. 

Meek. Cystoidea of the Cincinnati group. Geol. of O. v. 1, pt. 
2, pp. 39-58. 

Meek. Ophiuroidea of the Cincinnati group. Geol. of O., v.1, 
pt. 2, pp. 68-9. 

Orton. Crinoidea of the Cinejpnati group. Geol. of O., v. 1, 
pt. 1, pp. 388-90. 

See also Palcontology-Genera and S bet 
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Economic Geology. Lindemuth. Economic geology of Darke county. 
Geol. of O., v. 3, pp. 516-18. 


Eden Shale. Prosser. Arguments advanced by geologists in support 
of use of this name in revised Ohio geological scale. O. Geol. 
Sur., Bull. No. 7, pp. 34-35. 


Elasmobranchii. Newberry. Elasmobranchii of the carboniferous. 
Geol. of O., v. 1, pt. 2, pp. 325-37. 

Elasmobranchii of the Devonian. Geol. of O., v. 1, pt. 2, pp. 
302-24. 


Elasticity. Peppel. Elastic property of sand-lime brick. O. Geol. 
Sur., Bull. No. 5, pp. 59-60. 

Peppel. Elasticity shown by sand-lime brick in pressing. O. 

Geol. Sur., Bull. No. 5, p. 45. 


Eldred Lime-burning System. Peppel. Description of Eldred system 
for burning lime. O. Geol. Sur., Bull. No. 4, pp. 282-83. 








Electric Fountains. Eno. Use of steel concrete for electric fountains. 
O. Geol. Sur., Bull. No. 2, pp. 178. 


Electrical Resistance. Peppel. Tests showing electrical resisting 
strength of sand-lime brick. O. Geol. Sur., Bull. No. 5, p. 58. 


Elephant, see Mastodon. 


Elevated Railroads. Eno. Use of steel concrete on elevated rail- 
roads. O. Geol. Sur., Bull. 2, pp. 174. 


Elevations. Orton. Table giving elevations above sea level in 
Northern Indiana. Prelim. Rep., on petroleum and inflam- 
mable gas. 1887, pp. 191-93. 

Table of elevations above sea level in western counties of Ohio. 
Prelim. Rep., on Petroleum and inflammable gas. 1887, pp. 
178-90. 


Elevators. Eno. Use of concrete for tanks, silos and elevators. O. Geol. 
Sur., Bull., No. 2, pp. 153-58. 


Elizabeth Township, Lawrence County. Orton, Jr., and Peppel. Fer- 
riferous limestone in. O. Geol. Sur., Bull. No. 4, pp. 176-78. 





Elk Pool Run. Bownocker. Wells of Independence township, Wash- 
ington county. O. Geol. Sur., Bull. No. 1, pp. 185-87. 


England. Eno. Early use of cements in England. O. Geol. Sur., Bull. 
No. 2, pp. 19-20. 


Eno, Frank Harvey. Uses of hydraulic cements. O. Geol. Sur., Bull. 
No. 2. 


102 BIBLIOGRAPHY OF OHIO GEOLOGY. 


Erie Shale. Winchell. Erie shale of Crawford county. Geol. of O., 
v. 2, pt. 1, pp. 242-43. 


Winchell. Erie shale in Morrow county. Geol. of O., v. 2, pt. 
1, p. 264. 


See also Chagrin Formation. 





Expanded Metal System. Eno. Expanded metal system of reinforced 
concrete construction. O., Geol. Sur., Bull. No. 2, p. 133. 


Facings. Eno. Cement mortar in facing concrete work. O. Geol. 
Sur., Bull. No. 2, pp. 57-59. 


Fairfield County. Andrews. Geology. Geol. of O., v. 2, pt. 1, pp. 
592-94. 


Andrews. Topography. Geol. of O., v. 2, pt. 1, p. 592. 


Orton. Deep wells, explorations for oil and gas. Geol. of O., 
v. 6, pp. 382-88. 








Fall Creek Bridges, Indianapolis. Eno. Use of steel concrete in build- 
ing bridges. O. Geol. Sur., Bull. No. 2, pp. 160-62. 


Farrel Rock Crusher. Eno. Illustration and section of Farrel crusher. 
QO. Geol. Sur., Bull. No. 2, pp. 227-28. 


Fayette County. Hussey. Geology of Clinton and Fayette counties. 
‘ Geol. of O., v. 3, pp. 429-47. 

Hussey. Topography of Clinton and Fayette counties. Geol. 
of O., v. 3, pp. 429-30. 

—-Orton. Oil and gas wells. Geol. of O., v. 6, p. 291. 

Orton, Jr., and Peppel. Composition of limestones of, with 


reference to fitness for portland cement. O. Geol. Sur., Bull. 
No. 4, p. 63. ) 











Federal Creek Coal Field. Lovejoy. Pomeroy and Federal creek coal 
field. Geol. of O., v. 6, pp. 627-52. Geologic map showing area 
of this field in Ohio. Opp. p. 632. 


Feldspar. Bleininger. Feldspar as component mineral of clays. O. 
Geol. Sur., Bull. No. 3, pp. 64-66. 

Peppel. Effect of feldspar on sand used in manufacture of sand- 
lime brick. O. Geol. Sur., Bull. No. 5, pp. 33-35. 





Fences. Eno. Concrete for fences and posts. O. Geol. Sur. Bull. 
No. 2, pp. 117-18. 


Ferric Oxide. Bleininger. Ferric oxide in hydraulic cement. QO. Geol. 
Sur., Bull. No. 3, pp. 33-34. 
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Fire Clays. Bleininger. Fire-clays for cement making purposes. O. 
Geol. Sur., Bull. No. 3, pp. 69-74. 


Newberry. Fire-clay in Portage county. Geol. of O., v. 3, 








pp. 149-50. 
Newberry. Fire clay in Tuscarawas county. Geol. of O., v. 3, 
pp. 64, 66, 83. 
———Stevenson. Fire clay in Carroll county. Geol. of O. v. 3, 
pp. 198. | 
Fire Clays. Analyses. From Columbiana county. Geol. of O., v. 3, 
pp. 131. 





Lord. Fire clays described in Geol. of O., v. 5. Geol. of O., 
v. 5, pp. 1110-1113. 

Lord. Method of analyses. Geol. of O., v, 5, pp. 1096-98. 
Orton, Jr. Fire clays used in paving brick and sewer pipe in 
Ohio. Geol. of O., v. 7, pp. 136, 139, 140. 

Wormley. Fire clays in Jefferson county. Geol. of O., v. 3, 
p. 780. 

Wormley. Fire clay in Portage county. Geol. of O., v. 3, p. 150. 














Fire Proof Concrete. Eno. Fire proof qualities of concrete and steel 
concrete. OÖ. Geol. Sur., Bull. No. 2, pp. 183-88. 


Fire-Proofing. Orton, Jr. Fire-proofing manufacture of Ohio. Geol. of 
O., v. 5, pp. 708-09. 


Fire Resistance. Peppel. Tests showing fire resistance of sand-lime 
brick. O. Geol. Sur., Bull. No. 5, pp. 57-58 


Firestones. Orton. Firestone of Montgomery county. Rep. Prog. 
1869, p. 149. 


Fishes. List of Ohio genera and species. Geol. of O., v. 4, pp. 766—1,000. 
Acipenser maculosus, p. 768. Acipenser rubicundus, pp. 766-68. 
Alosa sapidissima, pp. 872-73. Alvordius, p. 971. Alvordius, 
aspro, pp. 972-73. Alvordius, evides, p. 974. Alvordius, 
macrocephalus, p. 972. Alvordius, phoxocephalus, p. 972. 
Alvordius, variatus, pp. 973-74. Ambloplites, p. 940. Amblo- 
plites rupestres, pp. 941-42. Amblyopsis spelaeus, pp. 900-01. 
Amia calva, pp. 776-79. Amiurus, pp. 788-89. Amiurus catus, 
pp. 793-96. Amiurus marmoratus, p. 792. Amiurus melas, p. 
793. Amirus natalis, pp. 790-91. Amiurus nigricans, pp. 
789-90. Amiurius vulgaris, pp. 791-92. Amiurus 
xanthocephalus, p. 796. Ammacoetes niger, pp. 756-57. 
Ammocrypta, p. 964. Ammocrypta pellucida, p. 965. Anguilla 
vulgaris, European synonymy, p. 781. Anguilla vulgaris, 
American synonymy, pp. 781-83. Aphredoderus sayanus, pp. 
920-21. 
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Labidesthes, p. 918. Labidesthes sicculus, 919. Lepomis, 
pp. 931-32. Lepomis cyanellus, 938-39. Lepomis humilis, 
pp. 934-35. Lepomis macrochirus, pp. 935-36. Lepomis 
megalotis, pp. 933-34. Lepomis pallidus, pp. 936-37. Lepidosteus 
osseus, pp. 770-73. Lepidosteus platystomus, pp. 773-74. Litho- 
lepis spatula, pp. 774-76. Lota maculosa, pp. 995-96. Luxilus, 
p. 852. Luxilus cornutus, pp. 853-54. Lythrurus diplaemius, 
pp. 851-52. 


Micropterus, pp. 942-48. Micropterus dolomieu, pp. 948-52. 
Micropterus salmoides, pp. 952-53. Microperca punctulate, 
p. 981. Minnilus ariommus, p. 850. Minnilus dinemis, pp. 
848-49. Minnilus photogenis, pp. 849-50. Minnilus rubifrons, 
pp. 847-48. Minnilus scabriceps, pp. 850-51. Minytrema, pp. 
823-24. Minytrema melanops, pp. 824-25. Myxostoma, pp. 
825-26. Myxostoma anisurum, p. 827. Myxostoma aureolum, p. 
828. Myxstoma carpio,pp.830-31. Myxostoma, macrolepidotum, 
pp. 828-30. Myxostoma velatum, pp. 826-27. 


Nannostoma tessellatum, p. 975. Nannostoma zonale, pp. 974- 
75. Notemigonus, pp. 866-67. Notemigonus chrysoleucus, pp. 
867-68. Nothonotus, p. 975. Nothonotus camirus, pp. 976-77. 
Nothonotus maculatus, pp. 976-77. Noturus, pp. 798-99. 
Noturus exilis, p. 800. Noturus flavus, 799-800. Noturus 
miurus, pp. 800-801. Noturus sialis, p. 801. 


Oncorhynchus chouicha, pp. 886-91. 


Pelodichthys olivaris, pp. 797-98. Perca americana, pp. 958-59. 
Percina caprodes, pp. 970-71. Percina manitou, p. 971. 
Percopsis guttatus, pp. 899-900. Phenacobius teretulus, pp. 
855-56. Phoxinus neogaeus, p. 866. | Pimephales promelas, 


‘pp. 839-40. Placopharynx carinatus, pp. 831-32. Poecilichthys 


coerulus, pp. 979-80. Poecilichthys eos, pp. 980-81. Poecilichthys 
spectabilis, p. 980. Poecilichthys virgatus, p. 979. Polyodon 
folium, pp. 764-66. Pomolobus chrysochloris, pp. 873-74. 
Pomoxys, p. 923. Pomoxys annularis, p. 924. Pomoxys spar- 
oides, pp. 925-26. Pygosteus, p. 999. Pygosteus pungitius, 
pp. 999-1000. 


Quassilabia lacerata, p. 832-33. 


Rhinichthys atronasus, pp. 857-58. Rhinichthys cataractae, 
pp. 856-57. Roccus, p. 954. Roccus chrysops, p. 955. 
Roccus interruptus, p. 956. 
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Fishes. Salmo salar, pp. 892-93. Salvelinus fontinalis, pp. 897-99. 
Scaphirrhynchops platyrhynchops, pp. 768-69. Scolecosma 
argenteus, pp. 757-58. Semotilus corporalis, pp. 863-64. 
Stizostedium, p. 960. Stizostedium canadense, pp. 961-62. 
Stizostedium vitreum, p. 962. Stizostedium salmoneum, pp. 
963-64. 


Telestes elongatus, p. 865. Triglopsis, p. 985. Triglopsis 
thompsonii, p. 986. Typhlichthys subterraneus, p. 901. 
Umbra limi, pp. 912-13. Uranidea, pp. 986-87. Uranidea 
franklini, p. 988. Uranidea gracilis, pp. 988-89. Uranidea 
hoyi, pp. 978-88. Uranidea richardsoni, pp. 989-93. Uranidea 
spilota, pp. 993-94. 


Zygonectes, pp. 903-09. Zygonectes dispar, pp. 910-11. Zygo- 
nectes notatus, p. 910. 





Jordan and others. Four lists of Ohio fishes. Geol. of O., v. 4, 
pp. 744-49. 

Jordan. Report on the fishes of Ohio. Geol. of O., v. 4, pp. 
737-1002. 

Kirtland. Catalogue of mammals, birds, reptiles, ete., in Ohio. 
Ann. Rep., v. 2, 1838, pp. 168-70. 

Kirtland. Notes and observations. Ann. Rep., v. 2, 1838, pp. 
190-97. 








— 





Fishes, Fossil. (Genera and species. Coccosteus Cuyahogae, Geol. of O., 
v. 7, pt. 2, pp. 615-16. Dinichthys, Geol. of O., v. 7, pt. 2, pp. 
606-08, 620 -26. Gorgonichthys, Clarki, Geol. of O., v. 7, pt. 2, 
pp. 614-15. Titanichthys, Geol., of O., v. 7, pt. 2, pp. 608-12. 
Titaniehthys attenuatus, Geol. of O., v. 7, pt. 2, pp. 612-14. 
Clavpole. Fossil fishes of Ohio. Geol. of O., v. 7, pt. 2, pp. 602-26. 
— — -Foerste. Sharks of the Cleveland shale. Geol. of O., v. 7, pt. 2, 
pp. 616 -19. 
——— -Newberry. Descriptions of fossil fishes. Geol. of O., v. 1, pt. 
2, pp. 247-355. 





— - ~Newberry. Descriptions of fossil fishes of Ohio. Geol. of O., v. 2, 
pt. 2, pp. 3 64. 

— ----Newberry. Fossil fishes of Huron shale in Lorain county. Geol. 
of O., v. 2, pt. 1, pp. 214-15. 

-- - - Newberry. Origin of our Ichthye fauna. Geol. of O., v. 1, pt. 2, 
pp. 288 -89. 


Flint’s Mills Oil Pool. Bownocker. Wells in Ludlow township, Wash- 
ington county. O. Geol. Sur pull. No. 1, pp. 189-90. 
| ., 
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Floors. Orton. Floors of Ohio coalseams. Geol. of O., v. 5, pp. 142-43. 
Eno. Use of steel concrete flooring in fire proof buildings. O. 
Geol. Sur., Bull. No. 2, pp. 143-45. 


Foerste, Augustus F. Fossils of the Clinton group in Ohio and Indiana. 
Geol. of O., v. 7, pt. 2, pp. 516-601. 


Forests. Gilbert. Timber of Fulton county. Rep. Prog., 1870, pp. 
491-92. 


Gilbert. Vegetation of Fulton county. Geol. of O., v. 1, pt. 1, p» 
572. 


Gilbert. Vegetation of Williams county. Geol. of O., v. 1, pt. 1, 
pp. 565-66. 


Klippart. Forests of Maumee valley. Rep. Prog. 1870, pp. 
347-53. 


Orton. Timber of Pike county. Geol. of O., v. 2, pt. 1, p. 638. 


Read. Native forests of Geauga county. Rep. Prog. 1870, pp. 
470-71; Geol. of O., v. 1, pt. 1, p. 528. 


Read. Timber of Knox County. Geol. of O., v. 3, p. 334. 
Winchell. Timber of Crawford county. Geol of O., v. 2, pt. 1, 















































p. 239. 

Winchell. Timber of Defiance county. Geol. of O., v. 2, pt. 1, 

pp. 423-24. 

Winchell. Timber of Delaware county. - Geol. of O., v. 2, pt. 1, 

pp. 274-76. 

Winchel. Timber of Morrow county. Geol. of O., v. 2, pt. 1, 

pp. 255-56. 

Winchell. Timber of Paulding county. Geol. of O., v. 2, pt. 1, 

pp. 336-37. 

Winchell. Timber of Union county. Geol. of O., v. 2, pt. 1, pp. 

326-27. 

Winchell. Timber of Van Wert County. Geol. of O., v. 2, pt. 1, 

pp. 315-16. 

Winchell. Forest of Wood county. Geol. of O., v. 2, pt. 1, pp. 
je 385-86. 


Fortifications. Eno. Government use of concrete in fortifications. 
O. Geol. Sur., Bull. No. 2, pp. 73-74. 

Fossil fishes, see Fishes (fossil). 

Fossil plants, see Paleobotany. 

Fossils, see Paleontology. 

Foster, John W. Geological report on Muskingum county and parts of 


Licking and Franklin counties. Ann. Rep., v. 2, 1838, pp. 73- 
107. 
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Fuel. Peppel. Fuels used in Ohio for lime burning. O. Geol. Sur., 
Bull. No. 4, pp. 271-93. 

Peppel. Quantity and cost of fuel for lime burning. O. Geol. 
Sur., Bull. No. 4, pp. 290-93. 





Fulton County. Gilbert. Economic geology. Rep. Prog. 1870, p. 492. 
Gilbert. Geology. Geol. of O., v. 1, pt. 1, pp. 567-72. 
Gilbert. Surface geology. Rep. Prog. 1870, pp. 490-91. 


Gilbert. Topography. Geol. of O., v. 1, pt. 1, p. 567. Geo- 
logical structure, pp. 567-69. Surface geology and soils, pp. 
569-70. Economic geology, pp. 570-72. Vegetation, p. 572, 











Fungi. Kellerman and Werner. Alphabetic list of hostplants of the 
parasitic fungi. Geol. of O., v. 7, pt. 2, pp. 376-81. 

Kellerman and Werner. Fungi of Ohio. Geol. of O., v. 7, pt. 2, 

pp. 300-75. 

Kellerman and Werner. Index to genera. Geol. of O., v. 7 pt. 

2, pp. 382-84. 

See also Paleobotany. 








Furnaces. Lord. Iron smelting furnaces in Ohio. Geol. of O., v. 5, pp. 
503-54. 

Lord. List of abandoned blast furnaces in Ohio. Geol. of O., v. 5 
p. 450. 

Lord. Table of active furnaces in Ohio. Geol. of O., v. 5, 
pp. 456-58. Hanging Rock district, p. 458. Hocking valley, 
p. 457. Mahoning valley, p. 456. 








Furniture. Eno. Concrete used to construct certain kinds of furniture. 
O. Geol. Sur., Bull. No. 2, pp. 120-21. 


Gallia County. Andrews. Geology of Gallia county. Rep. Prog. 1870, 
pp. 178-80. 

Andrews. Coal. Rep. Prog. 1870, pp. 179-81. Huntington 
township, p. 179. Walnut township, pp 179-80. 

Andrews. Local Geology. Geol. of O., v. 1, pt. 1, pp. 225-46. 
Greenfield township, pp. 226-28. Walnut township, pp. 228-39. 
Perry township, pp. 231-32. Raccoon township, pp. 232-33. 
Huntington township, pp. 233-34. Morgan township, pp. 234-35. 
Andrews. Iron ore. Rep. Prog. 1870, pp. 178-81. 
Bownocker. Oil and gas production. O. Geol. Sur., Bull. No. 1, 
pp. 279-81. 

Briggs. Geology. An. Rep. v. 1, 1837, pp. 71-98. 
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Gallia County. Newberry. Geology. Geol.ofO.,v.1,pt.1, pp. 225-46. 
Addison township, pp. 242-43. Cheshire township, pp. 243-44. 
Clay township, pp. 240-41. Gallipolis township, pp. 241-42. 
Green township, p. 236. Guyan township, pp. 237-39. Harrison 
township, p. 237. Ohio township, p. 239. Springfield township, 
pp. 2385-36. 

Orton. Coal mines. Geol. of O., v, 5. pp. 1046-58. 

Orton. Deep wells, drilling for oil and gas. Geol. of O., v. 6, 











p. 398. 

Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to fitness for portland cement. Geol. Sur., Bull. No. 4, 
p. 66. 





Orton, Jr., and Peppel. Occurrence of ferriferous limestone in. 
O. Geol. Sur., Bull. No. 4, p. 180. 


Galveston Sea Wall. Eno. Concrete for sea wall. O. Geol. Sur., Bull, 
No. 2, pp. 83-84. 


Ganoidei. Newberry. Ganoidei of the Carboniferous. Geol. of O., v. 
1, pt. 2, pp. 337-55. 

Newberry. Ganoidei of the Devonian. Geol. of O., v. 1, pt. 2, 
pp. 290-302. 





Gases. Bleininger. Analysis of kiln gases in cement making. O. Geol. 
Sur., Bull. No. 3, pp. 142-46. 


Gas Analyses. Howard. Gas from the Thurston field. O. Geol. Sur., 
Bull. No. 1, p.125. | 

—-Howard. Composition of Findlay gas. Prelim. Rep. on petro- 

leum and inflammable gas, 1886, p. 36. Rep. 1887, p. 53. 

Phillips. Shale gas of Fredoma, N. Y. Geol. of O., v. 6, p. 409. 





Gas Coals. McMillin. Gas coals of Ohio. Geol. of O., v. 5, pp. 722-49. 


Gas Fields. Bownocker. Central Ohio natural gas fields. O. Geol. 
Sur., Bull. No. 1, pp. 101-25. 

——---Orton. Barnesville gas field. Rep. 1890, pp. 254-55. 

———Orton. Cambridge gas field. Rep. 1890, pp. 255-57. 

—---Orton. Lancaster gas field. Rep. 1890, pp. 234-40. 

———-Orton. Thurston gas field. Rep. 1890, pp. 240-42. 


Gas Manufacture. MeMillin. Gas coals of Ohio. Geol. of O., v. 5, 
pp. 721-49. 


Gas Wells. Orton. Berea grit as 9 source of Kast Liverpool gas wells. 
Prelim. Rep. petroleum and inflammable gaa, 1886, pp. 55-56. 
Edition 1887, pp. 81-82. 


—_ 
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Gas Wells. Orton. Berea grit as a source of Neff gas wells. Prelim. Rep. 
on petroleum and inflammable gas, 1886, p. 57. Edition 1887, 
pp. 82-83. 

Orton. Bloomdale gas wells: Prelim. Rep. on petroleum and 
inflammable gas, 1886, pp. 46-47. Edition 1887, pp. 67-68. 
—w-—Orton. Carey gas wells, Wyandot county. Prelim. Rep. on 
petroleum and inflammable gas, 1886, p. 47. Edition 1887, pp. 
68-9. 

Orton. Development of Carey gas field. Prelim. Rep. on 
petroleum and inflammable gas, 1887, pp. 139-40. 

Orton. Drilling for gas in Fremont. Prelim. Rep. on petroleum 
and inflammable gas, 1887, pp. 141-42. 

Orton. Drilling of wells at Oak Harbor, Ottawa county. Pre- 
lim. Rep. on petroleum and inflammable gas, 1887, pp. 140-41. 
Orton. Fremont gas wells. Prelim. Rep. on petroleum and 
inflammable gas, 1886, pp. 48-9. Edition 1887, pp. 69-71. 
Orton. Measurement of the flow of gas wells. Prelim. Rep. on 
petroleum and inflammable gas, 1886, pp. 72-6. Edition 1887, 
pp. 107-10. 

Orton. Gas wells of Mercer county. Prelim. Rep. on petroleum 
and inflammable gas, 1887, pp. 142-45. 

Orton. Production of gas wells. Prelim. Rep. on petroleum 
and inflammable gas, 1887, pp. 146-50. 

Gas Wells and Springs, see also Petroleum. 


























Gasteropoda. Meek. Gasteropoda of the Corniferous group. Geol. of O., 
v. 1, pt. 2, pp. 210-229. 


Meek. Fossils of the Niagara and Clinton groups. Geol. of O., 
v. 1, pt. 2 pp. 185-86. 


See also Paleontology—Genera and Species. 





Gates’ Revolving Screen. Eno. Illustration. O. Geol. Sur., Bull. No. 
2, p. 229. 


Gates’ Rock Crusher. Eno. Illustration and section. O. Geol. Sur., 
Bull. No. 2, pp. 223-24. 


Geauga County. Bownocker. Oil and gas production. O. Geol. Sur., 
Bull. No. 1, pp. 304-035. 

Read. Geology. Rep. Prog., 1870, pp. 465-73. 

Read. Geology. Geol. of O., v. 1, pt. 1, pp. 520-33. 


Geologic map of Ashtabula, Trumbull, Lake and Geauga counties, 
26.3x32 cm. 


Read. Topography. Geol. of O., v. 1, pt. 1, pp. 520-21. 














114 BIBLIOGRAPHY OF OHIO GEOLOGY. 


Geologic Map. Geologic map of Ohio. Counties. Geol. of O., v. 2, pt. 1, 
Putnam county, opp. p. 387. Henry county, opp. p. 416. 
Defiance county opp. p. 422. Highland, Ross and Pike counties, 
opp. p.611. Green county, opp. p.659. Erie county and islands, 
opp. p. 183. Ottawa county, opp. p. 227. Crawford county, opp. 
p. 237. Morrow county, opp. p. 253. Delaware county, opp. p. 
272. Van Wert county, opp. p. 314. Union county opp. p. 324. 
Hardin, opp. p. 354. Hancock county, opp. p. 358. Wood,’ 
county, opp. p. 368. | 


Geol. of O., v. 3. Ashland county, opp. p. 529. Butler county, 
opp. p. 399. Champaign county, opp. p. 491. Coshocton county, 
opp. p. 529. Holmes county, opp. p.529. Huron county, opp. p. 
299. Knox county, opp. p. 529. Licking county, opp. p. 529. 
Medina county, opp. p. 363. Portage county, opp. p. 133. 
Preble county, opp. p. 404. Richland county, opp. p. 529. 
Tuscarawas county, opp. p. 52. Warren county, opp. p. 382. 
Wayne county, opp. p. 529. 





Maps to accompany geology of Ohio, v. 5, 1884. Separate 
envelope. Map No. 1, Mahoning Valley coal field. Map No. 2, 
Massillon coal field. Map No. 3, sections from Massillon coal 
field. Map No. 4, Holmes, Coshocton and Tuscarawas counties. 
Map No. 5, Muskingum and northern Perry counties. Map No. 
6, Hocking Valley coal field. Map No. 7, Vinton and Jackson 
counties. Map No. 8, Lawrence, Gallia and Scioto counties. 
Explanation of map of Vinton and Jackson counties. Geol. of 
O., v. 5, pp. 992-93. 


Geological map of Ohio, showing areas and sources of natural 
gas at present time. Prelim. Rep. on petroleum and inflammable 
gas, 1887, opposite title page. Edition of 1886, in back of book. 








Map of northwestern Ohio showing areas of Trenton limestone, 
500 feet below sea level in oil and gas region. Prelim. Rep. on 
petroleum and inflammable gas, 1887, opp. p. 76. Edition of 
1886, opp. p. 52. 


Maps to accompany geology of Ohio, v. 6, 1888. Separate 
envelope. Map No. 1, geologic map of Ohio. Map No. 2, gas 
fields and oil fields of Hancock and Wood counties. Map No. 3, 
oil fields and gas fields of Allen, Auglaize, and Mercer counties. 
Map No. 4, territory of Berea grit in Ohio. 








: Maps to accompany geology of Ohio, v. 7, 1893. Separate 
envelope. Maps showing outcrop boundaries of principal coal 
seams. Map. No 1, Lawrence, Gallia and Jackson counties 
(in part). Map No. 2, Jackson, Vinton, Meigs and Vinton, 
counties (in part). Map No. 3, Hocking, Perry, Athens and 
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Orton. Structure of northeastern Ohio. Rep., 1890, pp. 51-4. 





Geological Survey. Hildreth. Establishment of survey recommended. 
Exec. Docs., 1836, Rep. No. 1, pp. 76-7. 


Hildreth. Report of committee on a geological survey of the 
state. Exec. Docs., 1836. Rep. No. 1, pp. 65-78. 
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No. 1, p. 80. 

Newberry. Historical sketch. Geol. of O., v. 1, pt. 1, p. 1-15. 
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a geological survey of the state. Ohio Exec. Docs., 1836, pt. 1, 
Rept. No. 60. 

Wormley. Report of the chemical department. Rep. Prog., 
1870, pp. 403-62. 

















Geological Survey of Ohio. Newberry. Geology of O., v. 1 to 4, 
1872-82. 


Geological Survey, 2nd District. Andrews. Annual Report of 2d 
geological district. Rep. Prog., 1869, pp. 55-135. Rep. Prog., 

1870, pp. 57-251. 

Andrews. Report of work in 1871. Rep. Prog., 1871, pp. 11-12. 

Andrews. Geology. Geol. of O., v. 1, pt. 1, pp. 225-364. 

Andrews. Geology. Geol. of O., v. 2, pt. 1, pp. 441-608. 











Geological Survey, 3rd District. Orton. Geology. Geol. of O., v. 1, 
pt. 1, pp. 367-480. 


Orton. Geology. Geology of O., v. 2, pt. 1, pp. 611-96. 





Geological Survey, 4th District. Gilbert. Geology. Geol. of O., v. 1, 
pt. 1, pp. 537-90. 


Geological Survey, First Organization. Mather. Annual report on the 

geological survey of the state of Ohio. Ann. Rep. (for 1837) 
1838,2 v. Same, Ohio Gen. Assem. H. R. Doc., 22; doc. 26, 1838. 
Mather. Organization, duties, etc. Ann. Rep., v. 1, 1837, pp. 
19-23. 


Geological Survey, Second Organization. Newberry. Historical sketch 
of the geological survey of Ohio. Rep. Prog., 1869, pp. 3-11. 
Newberry. Report of progress for 1869-71. Columbus. 1870-71. 
3v. illus. pl., maps, charts. 8vo. 
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Glass-Pots. Orton, Jr. Manufacture of glass-pots in Ohio. Geol. of O., 
v. 5, pp. 701--02. 


Glass-sand. Gilbert. Glass-sand of Lucas county. Geol. of O., v. 1, 
pt. 1, p. 582. 


Glendale Limestones. Orton, Jr.,and Peppel. Composition of, in Hamil- 
ton county, with reference to fitness for portland cement. O. 
Geol. Sur., Bull. No. 4, pp. 72-73. 


Goat Island Bridge, Niagara. Eno. Use of steel concrete in building 
this bridge. O. Geol. Sur., Bull. No. 2, pp. 162-63. 


Gold. Newberry. Drift gold. Geol. of O., v. 2, pt. 1, pp. 70-72. 
Read. Gold in Geauga county. Rep. Prog., 1870, pp. 472-73. 
Geol. of O., v. 1, pt. 1, pp. 531-33. 

Read. Gold in Richland county. Geol. of O., v. 3, pp. 314-15. 


Goose Run Oil Pool. Bownocker. Wells of Marietta township, Wash- 
ington county. O. Geol. Sur., Bull. No. 1, pp. 178-79. 


Gould Oil Field. Bownocker. Wells of Jefferson county. O. Geol. Sur., 
Bull. No. 1, p. 244. 


Gravel. Orton. Gravel in Montgomery county. Rep. Prog., 1869, 
pp. 154-55. 

Orton. Sand and gravel banks of Greene county. Geol. of O., v. 
2, pt. 1, pp. 680-81. 

See also Drift, Pleistocene. 











Gravity Concrete Mixer. Eno. Gravity concrete mixing machines, 
with illustration. O. Geol. Sur., Bulletin No. 2, pp. 232-235. 


Graysville Oil Pool. Bownocker. Geology of the field. O. Geol. Sur., 
Bull. No. 1, pp. 203-04. 

Bownocker. Wells of Monroe county. O. Geol. Sur., Bull. No. 
1, pp. 202-05. 





Greene County. Orton. Geology. Geol. of O., v. 2, pt. 1, pp. 659-96. 
Geologie map, 12.5x10.2 em. 

Orton. Lime production. Geol. of O., v. 6, pp. 719-21. 
-Orton. Oil and gas wells. Geol of O., v. 6, pp. 289-91. 
Orton. Topography. Geol. of O., v. 2, pt. 1, pp. 659-62. 
Orton, Jr., and Peppel. Compositions of limestones of, with ref- 
erence to fitness for portland cement. O. Geol. Sur., Bull. No. 4, 
pp. 66-69. 


Griffin Mill. Bleininger. Grinding machines for cement manufacture. 
O. Geol. Sur., Bull. No. 3, pp. 276-79. 














120 BIBLIOGRAPHY OF OHIO GEOLOGY. 
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——— Stevenson. Geology. Geol. of O., v. 3, pp. 219-36. 
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225. Monroe township, pp. 227-28. Oxford township, pp. 
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225-26. 
Stevenson. Topography. Geol. of O., v. 3, pp. 219-20. 
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No. 2, pp. 116-17. 


Gymnosperms. Kellerman and Werner. Gymnosperms of Ohio. Geol. 
of O., v. 7, pt. 2, p. 244. 

Kellerman and Werner. Index to genera of gymnosperms. 
Geol. of O., v. 7, pt. 2, p. 245. 





Gypsum. Orton. Gypsum or land-plaster in Ohio. Geol. of O., v. 6, 
pp. 696-702. 


Gypsum Analyses. Lord. Product of gypsum beds in Ohio. Geol. of 
O., v. 6, pp. 700-701. 


Hall, James, and Whitfield, R. B. Descriptions of invertebrate fossils 
mainly from the Silurian system. Geol. of O., v. 2, pt. 2, pp. 
67-268. 


Hallelujah Ore. Orton. Hallelujah ore of Hanging Rock district. Geol. 
of O., v. 5, pp. 434-35. 


Hamilton County. Orton. Geology. Geol. of O., v. 1, pt. 1, pp. 419-34. 
Geologic map of Hamilton county (colored), 21x12 cm. 
Orton. Topography. Geol. of O., v. 1, pt. 1, pp. 419-23. 
Orton. Oil and gas wells. Geol. of O., v. 6, pp. 298-300. 
Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to fitness for portland cement. O. Geol. Sur., Bull. No. 4, 
pp. 71-73. 











Hamilton Group. Newberry. Fishes. Geol. of O., v. 1, pt. 2, p. 268. 
Newberry. Hamilton in Erie county. Geol. of O., v. 2, pt. 1, 
pp. 189-90. 
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Hamilton Group: Newberry. Hamilton group in Ohio. Geol. Sur., 
Rep. Prog., 1869, p. 18. First use of the term in Ohio. 
Newberry. Hamilton group in Ohio. Geol. of O., v. 1, pt. 1, 
pp. 149-52. Fossils, p. 152. , 

Newberry. Hamilton group in Ohio. Geol. of O., v. 3, pp. 11-13. 
Read. Hamilton group in Huron county. Geol. of O, v. 3, p. 
309. ' 
———Whitfield. Note on marcellus shale and other members of Hamil- 
ton group in Ohio, as determined from paleontolgical evidence. 
Geol. of O., v. 7, pt. 2, pp. 432-33. 

Winchell. Hamilton group in Defiance county. Geol. of O., v. 2, 
pt. 1, pp. 427-28. 

Winchell. Hamilton group in Delaware county. Geol. of O., v. 2, 
pt. 1, pp. 289-96. 

Winchell. Hamilton group in Marion county. Geol. of O., v. 1, 
pt. 1, pp. 643. 

Winchell. Hamilton group in Paulding County. Geol. of O., v- 
2, pt. 1, pp. 338-39. 

Winchell. Hamilton group in Union county. Geol. of O., v. 2, 
pt. 1, p. 328. 


























Hamilton Shale. Orton. Hamilton shale in geological series of Ohio. 
Prelim. Rep. on petroleum and inflammable gas, 1887, pp. 34-35. 
Rep., 1886, p. 23. 


Orton. Hamilton shale in Ohio. Geol. of O., v. 6, pp. 22-23. 
Same, Rep., 1890, pp. 26-27. 





Hancock County. Bownocker. Geology. O.Geol. Sur., Bull. No. 1, pp. 
69-71. 

Bownocker. Oil production. O. Geol. Sur., Bull. No. 1, pp. 
65-71. 

Bownocker. Geological map, Lucas, Ottawa, Wood, Sandusky 
Seneca, Hancock and Wyandot counties, showing oil and gas ter- 
ritories. 18x26.5 cm. opp. p. 56. 


Bownocker. Oil production. O. Geol. Sur., Bull. No. 1, pp. 65- 
71. Allen township, pp. 65-66. Amanda township, p. 68. Big 
Lick township, p. 68. Cass township, p. 67. Delaware township, 
p. 68. Eagle township, p.67. Jackson township, p. 68. Liberty 
township, p. 66. Marion township, pp. 67-68. Orange town- 
ship, p. 67. Portage township, p. 66. Union township, p. 67. 
Orton. Gas wells. Rep., 1890, pp. 112-33. Allen township, pp. 
123-30. Cass township, p. 431. Marion township, pp. 131-32. 
Washington township, pp. 132-33. 
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Hancock County. Orton. Lime production. Geol. of O., v. 6, pp. 
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Orton. Oil wells. Rep., 1890, pp. 218-20. 

Orton, Jr., and Peppel. Composition of limestones of, with ref- 

erence to fitness for portland cement. O. Geol. Sur., Bull. No. 

4, pp. 73-74. 

Riddell. Geology of Hancock and Seneca counties. O. Exec. 

Docs., 1836, Rep. No. 60, pp. 18-19. 

Winchell. Geology. Geol. of O., v. 2, pt. 1, pp. 358--67. Geo- 

logic map, 12.5x12.8 cm. 

Winchell. Topography. Geol. of O., v. 2, pt. 1, pp. 358-59. 

















Hanging Rock District. Lord. Iron manufacture. Geol. of O, v. 5, 
pp. 482-97. 

Orton. Geology. Geol. of O., v. 3, pp. 885-941. 

Orton. Iron ores. Geo. of O., v. 5, pp. 416-35. 


Hanging Rock Limestone. Orton. Hanging Rock limestone of Hang- 
ing Rock district. Geol. of O., v. 3, pp. 892-95. 








Hardening. Teppel. Experiments to show length of exposure and 
steam pressure in hardening sand-lime brick. O. Geol. Sur., 

Bull. No. 5, pp. 46-47. 

Peppel. Modes of procedure in hardening process in manufac- 

ture of sand-lime brick. O. Geol. Sur., Bull. No. 5, p. 23. 





Hardening Cylinders. Peppel. Hardening boilers in use in manufac- 
ture of sand-lime briek. ©. Geol. Sur., Bull. No. 5, pp. 62-64. 


Hardin County. Orton. Gas wells. Rep., 1890, pp. 182-86. 


Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to their fitness for portland cement. O. Geol. Sur., Bull. 








No. 4, p. 74. 
Riddell. Geology. O. Exec. Does 1836, Rep. No. 60, pp. 
pp. 14-15. 


Winchell. Geology. Geol. uf ©., v. 2, pt. 1, pp. 352-57. Geo- 
logic map, 12.7x11.5 em 
Winchell. Topography. Geul. of O., v. 2, pt. 1, pp. 352-54. 








Harrison County. Bownocker. Oil and gas production. O. Geol. Sur., 
Bull. No. 1, pp. 226-43. Geologic map, showing oil and gas ter- 
ritories, 21x15.6 cm. opp. p. 226. 

Bownocker. Oil and gas production. QO. Geol. Sur., Bull. No. 1, 
pp. 226-43. Archer township, p. 242. Athens township, p. 243. 
Cadiz township, pp. 242-43. Franklin township, p. 242. Free- 
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Harrison County. Bownocker.—({Continued.) 

port township, p. 243. German township, p. 242. Monroe town- 
ship, p. 241. Moorfield township, p. 243. North township, p. 
240. Nottingham township, p. 243. Short Creek township, p. 
243. Stock township, p. 242. Washington township, p. 243, 
Orton, Jr., and Peppel. Limestone resources of. O. Geol. Sur., 
Bull. No. 4, p. 136. 

Stevenson. Geology Geol. of O., v. 3, pp. 200-218. 

Stevenson. Topography and resources. Geol. of O., v. 3, 
pp. 200-01. 


Hayden Block Machine. Eno. Hayden machine for making concrete 
blocks. QO. Geol. Sur., Bull. No. 2, p. 245. 











Heat. Eno. Effect of heat on cement mortar. O. Geol. Sur., Bull. 
No. 2, p. 62. 
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Geol. of O., v. 1, pt. 1, pp. 104-5. 
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Rep. Prog., 1869, pp. 15-6. 





Helderberg Limestones. Newberry. Helderberg group in Ohio. Geol. 
of O., v. 1, pt. 1, pp. 63-4. 

Orton. Greenfield stone of Pike county. Geol. of O., v. 2, pt. 1, 
pp. 614-16. 
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1870, pp. 287-94. 

Orton. Helderberg limestones in Madison county. Geol. of O., 
v. 3, p. 421. 
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Hendershot Oil Pool. Bownocker. Wells of Marietta township, Wash- 
ington county. O. Geol. Sur., Bull. No. 1, pp. 179-80. 


Hennebique System. Eno. Hennebique system of reinforced concrete 
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Hennebique Armored Piles. Eno. Use of Hennebique armored piles in 
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for lime industries. O. Geol. Sur., Bull. No. 4, p. 134. 

——-Winchell. Geology. Geol. of O., v. 2, pt. 1, pp. 415-21. Geo- 

logic map, 12.6x11.9 em. | 

Winchell. Topography. Geol. of O., v. 2, pt. 1, pp. 415-16. 
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Orton. Geology. Rep. Prog., 1870, pp. 255-309. Geological 
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Orton. Lime production. Geol. of O., v. 6, pp. 729-31. 
—-Orton. Oil and gas wells. Geol. of O., v. 6, p. 297. 


Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to fitness for portland cement. O. Geol. Sur., Bull. No. 4, 
pp. 74-79. 
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Docs., 1836. Rep. No. 60, p. 11, 
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Docs., 1836, Rep. No. 1, pp. 65-78. 


Hill, Franklin C. Geology of Logan and Champaign counties. Geol. of 
O., v. 3, pp. 482-95. 


Hocking County. Andrews. Geology. Rep. Prog., 1870, pp. 80-6. 
Benton township, pp. 82-3. Falls township, p. 80. Laurel 
township, p. 83. Starr township, pp. 83-6. Washington town- 
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Bownocker. Oil and gas production. O. Geol. Sur., Bull. No. 1, 
pp. 274-75. 

Briggs. Geology. Ann. Rep., v. 1, 1837, pp. 71-98. 
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Hocking County. Orton. Deep wells, explorations for oil and gas. 
Geol. of O., v. 6, pp. 391-94. 

——Orton and Peppel. Composition of limestones of, with reference 
to fitness for portland cement. O. Geol. Sur., Bull. No. 4, pp. 
79-81. 


Hocking Valley. Bownocker. Early history of salt industry in this 
region. QO. Geol. Sur., Bull. No. 8, p. 15. 
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pp. 84-6. 

Lord. Iron manufacture. Geol. of O., v. 5, pp. 473-81. 
Orton. Iron ores. Geol. of O., v. 5, pp. 405-16. 
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pp. 921-26. 











Hocking Valley Coal Field. Orton. Explanation of map. Geol. of O., 
v. 5, pp. 913-15. 

Orton. Extent. Geol. of O., v. 5, pp. 917-18. 

Orton. Geological reports on. Geol. of O., v. 5, pp. 915-17. 








Hodge, J.T. Geology of Coshocton county. Geol. of O., v. 3, pp. 562- 
-95. 


Hohman Oil Pool. Bownocker. Wells of Ludlow township, Washing- 
ton county. O. Geol. Sur., Bull. No. 1, p. 188. 


Holmes County. Bownocker. Oil and gas production. O. Geol.Sur., 
Bull. No. 1, pp. 286-88. Hardy township, p. 288. Kilbuck 

township, pp. 287-88. Richland township, p. 287. Washing- 
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Orton. Blackband ore. Geol. of O., v. 5, pp. 399-402. 

Orton. Deep wells, explorations for oil and gas. Geol. of O., v. 

6, pp. 367-68. 

Orton, Jr., and Peppel. Composition of limestones of, with rei- 

erence to their fitness for portland cement. O. Geol. Sur., Bull. 

No. 4, pp. 81-82. 

Read. Geology. Rep. Prog., 1870, pp. 473-84. 

Read. Geology. Geol. of O., v. 3, pp. 540-61. Geologic map, 
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Read. Topography. Geol. of O., v. 3, p. 540. 
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Exec. Docs., 1836. Rep. No. 60, pp. 27-30. 
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Hudson River Shale. Orton. Clinton, Medina, Hudson River and 
Utica shales as sources of gas. Prelim. Rep. on petroleum and 
inflammable gas, 1886, pp. 66-69. Edition 1887 pp. 96-99. 


Huron County. Orton. Deep wells, explorations for oil and gas. 
Geol. of O., v. 6, pp. 350-51. 
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Orton. Shale gas. Geol. of O., v. 6, pp. 440-441. 
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Newberry. Fossil fishes of. Geol. of O., v. 1, pt. 2, pp. 268-70. 
Newberry. Huron shale in Cuyahoga county. Geol. of O., v. 1, 
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pt. 1, p. 243. 
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pt. 1, pp. 425-26. 


Winchell. Huron shale in Delaware county. Geol. of O., v. 2, 
pt. 1, pp. 282-87. 
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Hydration. Bleininger. Hydration of Portland cement. OQ. Geol. Sur,, 
Bull. No. 3, pp. 336-38. 


Hydraulic Cement, see Cement. 
Hydraulic Limestone, see Waterlime. 


Ice, see Glacial Geology; Pleistocene. 


Indiana. Orton. Table giving elevations above sea level in northern 
Indiana. Prelim. Rep., on petroleum and inflammable gas, 1887, 
pp. 191-93. 

Orton. Trenton limestone in northeastern Indiana as a source 

of gas and oil. Prelim. Rep. on petroleum and inflammable gas, 

1887, pp. 170-76. 





Indians. Fowke. Indians and mound builders. Geol. of O., v. 7, pt. 2, 
pp. 45-6. 


Iron Manufacture. Briggs. Iron manufacture in Lawrence and Scioto 
counties. Ann. Rep. v. 1, 1837, pp. 89-92. 

Clark. Application of the hot blast, in manufacture of cast iron. 
Exec. Docs., 1836. Rep. No. 1, pp. 78-9. (from Amer. Jour. 
Sci. for Oct., 1836.) 

Hildreth. Furnaces in Scioto and Lawrence counties. Exec. 
Docs., 1836. Rep. No. 1, p. 70. | 

Lord. Fuels used. Geol. of O., v. 5, pp. 443-44. 

Lord. General conditions. Geol. of O., v. 5, pp. 438-41. © 
Lord. Historical cketch. Geol. of O., v. 5, pp. 447-55. 

Lord. Iron manufacture in Ohio. Geol. of O., v. 5, pp. 438-554. 
Lord. Metallurgy of Ironin Ohio. Geol. of O., v. 5, pp. 497-554. 
Lord. Transportation. . Geol. of O., v. 5, pp. 441-43. 
Newberry. Manufacture of iron. Rep. Prog., 1869, pp. 41-9. 
Orton. Natural gas as fuel foriron mills. Rep. 1890, pp. 273-75. 
Potter. Present state of the iron manufacture in Great Britain. 
Rep. Prog., 1870, pp. 503-526. 

Winchell. Furnaces of Paulding county. Geol. of O., v. 2, pt. 
1, pp. 350-51. 






































Iron Ores. Andrews. Analysis of iron ore from Belmont county. Geol: 
of O., v. 2, pt. 1, p. 580. 

Andrews. Iron ores of the Hocking valley. Geol. of O., v. 3, 
pp. 857-82. 

Andrews. Iron ores of the 2d geol. district. Rep. Prog., 1869, 
pp. 116-23. Rep. Prog., 1870, pp. 214-23. 
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Iron Ores. Andrews. Iron ore of Vinton county. Rep. prog., 1870, 
pp. 92-126. 


Andrews. Iron ore of Washington county. Geol. of O., v. 2,pt. 1, 
pp. 489-90. | 


Briggs. Iron ores of Athens county. Ann. Rep., v. 2, 1838, pp. 
143-45. 


Briggs. Iron ores of Hocking county. Ann. Rep., v. 2, 1838, 
pp. 142-43. 


Briggs. Iron ores of Jackson county. Ann. Rep., v. 1, 1837, 
pp. 92-93. 


Briggs. Iron ores of Lawrence and Scioto counties. Ann. Rep., 
v. 1, 1837, pp. 88-89. 


Briggs. Iron ores of Tuscarawas county. Ann. Rep., v. 2, 1838, 
pp. 151-53. 


Foster. Iron ores of Muskingum, Licking and Franklin counties. 
Ann. Rep., v. 2, 1838, pp. 88-90. 


Hildreth. Iron ore deposits. Exec. Docs., 1836. Rep. No. 1, 
pp. 66-72. 


Hildreth. Iron ore in southeastern and northeastern Ohio. 
Ann. Rep., v. 1, 1837, pp. 36-44. 


Lord. Method of analyses. Geol. of O., v. 5, pp. 1091-93. 
Mather. Iron ores of Ohio. Ann. Rep., v. 1, 1837, pp. 7-9. 


Newberry. Blackband iron ore of Mahoning county. Geol. of 
O., v. 3, pp. 790-91. 


Newberry. Blackband iron ore of Stark county. Geol. of O., 
v. 3, pp. 175-6. 


Newberry. Iron deposits in Ohio. Rep. Prog., 1869; pp. 38-41. 
Newberry. Iron ores in Ohio. Rep. Prog., 1870, pp. 44-9. 


Newberry. Iron ore of Tuscarawas county. Geol. of O., v. 3, 
pp. 63-4. 


Newberry. Iron ore of Tuscarawas county. Geol. of O., v. 3, 
pp. 74-80. 


Orton. Classification of ores of lower coal-measures. Geol. of 
O., v. 5, pp. 375-78. 


Orton. Iron ores of Hanging Rock district. Geol. of O., v. 3, 
pp. 899-911. 


Orton. Ores of the Hocking valley. Geol. of O., v. 5, pp. 405-16. 

































































Orton. Iron ores of Ohio, geological order and geographical 
distribution. Geol. of O., v. 5, pp. 371-435. 


Orton. Ores from the sub-carboniferous limestone to the Mercer 
group in Hanging Rock district. Geol. of O., v. 5, pp. 418-21. 
9—S. G.—Bull. 6. 
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Iron Ores. Read. Iron ores of the Hocking Valley. Geol. of O., v. 3, 
pp. 654-61, 674-77, 686-93, 707-13, 714-15. 

Read. Iron ore of Holmes county. Rep. Prog., 1870, pp. 482-83. 
Read. Iron ore of Richland county. Geol. of O., v. 3, pp. 315-16. 
Stevenson. Iron ore in Carroll county. Geol. of O., v. 3, pp. 
197-98. 

See also Limonite. 

Wormley. Analyses. Geol. of O., v. 2, pt. 1, pp. 604-06. 
Wormley. Analyses. Iron ore analyses, from Carroll county, 
Geol. of O., v. 3, pp. 186-87. From Columbiana county, Geol. 
of O., v. 3, pp. 127-28, 130. From Hanging Rock district, Geol. 
of O., v. 5, p. 496. From Hocking valley, Geol. of O., v. 5, pp. 
475-76. From Tuscarawas county, Geol. of O., v. 3, p. 88. 
Andrews. Analyses by L. G. Wormley. Rep. Prog., 1869, p. 
123. 

Andrews. From Lawrence county. Rep. Prog., 1870, pp. 183, 
185, 193 and 200. 

Cassells. From Collingwood, Yellow Creek valley. Rep. Prog., 





























1870, p. 49. | 
Howard. From Hanging Rock district. Geol. of O., v. 3, pp. 
937-939. 


Lord. Ores described in Geol. of O., v. 5. Geol. of O., v. 5, 
pp. 1110-1111, 1112-13. 


Newberry. Blackband ore. Rep. Prog., 1870, p. 48. 

Newberry. Ore from Holmes, Tuscarawas and Columbiana 
counties. Rep. Prog., 1870, pp. 46-7. 

Newberry. Iron ores from Mahoning county. Geol. of O., v. 3, 
p. 813. 

Read. Iron ore from Hocking Valley. Geol. of O., v. 3, pp. 
660, 677, 692, 693, 711. 

Read. Iron ore from Holmes county. Geol. of O., v. 3, p. 558. 




















Wormley. Iron ore from Guernsey county. Geol. of O., v. 2, 








pt. 1, p. 530. 
Wormley. Iron ore from Jefferson county. Geol. of O., v. 3, p. 
780. 


Wormley. Iron ore from Muskingum county. Geol. of O., v. 1, 
pt. 1, pp. 324-25. 

-‘Wormley. Iron ore from Noble County. Geol. of O., v. 2, pt. 1, 
p. 516. 








Wormley. Iron ore from Scioto county, Harrison township. 
Rep. Prog., 1870, p. 165. 
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Iron Ores. Wormley. Iron ore from Vinton county. Rep. Prog., 
1870, pp. 119, 120-21, 122. 


Wormley. Iron ore from Washington county. Geol. of O., v. 2, 
pt. 1, pp. 465-489. 

Wormley. Method of analysis. Rep. Prog., 1870, pp. 429-37. 
———Wormley. Table of iron ore analyses from 2d geol. dist. 

Rep. Prog., 1870, pp. 219-23. 

—— —Wormley. Tables. Rep. Prog., 1870, pp. 438-44. 

——— \Wornley and others. Iron ore from the Hocking Valley. Geol. 
of O., v. 3, pp. 859, 860, 861, 862-63, 865, 866, 867, 868, 870, 871, 

72, 873, 876, 877, 878, 879, 880. 








Irrigation Ditches. Eno. Use of concrete for irrigation ditches. O.Geol. 
Sur., Bull. No. 2, pp. 94-6. 


Island Creek Oil Field. Bownocker. Wells of Jefferson county. O. 
Geol. Sur., Bull. No. 1, pp. 244-45. 


Ithaca Dam. Eno. Use of steel concrete in dam construction. QO, 
Geol. Sur., Bull. No. 2, pp. 180-82. 


Jackson County. Andrews. Coal measures. Rep. Prog., 1870, pp: 
127-62. Jefferson township, pp. 159-60. Madison township, 
p. 161. 

Andrews. Coal-measures. Rep. Prog., 1870, pp. 127- 62. HWam- 
ilton township, pp. 156-9. Liberty township, Scioto township, 
Franklin township, Bloomfield township, p. 154. Lick township, 
pp. 138-47. Milton township, pp. 132-38. Washington town- 
ship, pp. 127-32. 


Bownocker. Oil and gas production. ©. Geol. Sur., Bull. No. 
1, pp. 275-76. Jackson township, p. 275. Liberty township, p. 
275. Lick township, p. 275. Scioto township, p. 275. Wash- 
ington township, p. 275. Wellston township, p. 275. 
—--Briggs. Coal. Ann. Rep., v. 1, 1837, pp. 86-7. 

Briggs. Geology. Ann. Rep., v. 1, 1837, pp. 71-98. 
Briggs. Iron ores. Ann. Rep., v. 1, 1837, pp. 92-3. 


—- -- -Orton. Coal mines, Geol. of O.. v.25, pp. 1008 -1034. 














— —--Orton, Deep wells, explorations for oil and gas. Geol. of O., v. 
6. pp. 394 95. 

——  0Orton. Mines above the horizon of Wellston coal. Geol. of O., 
v.90, pp. 1024 34. 

—— -Orton, Jr... and Peppel. Composition of limestones of, with ref- 


erence to fitness for portland cement. O. Geol. Sur., Bull. No. 4, 
rye SDS. 
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Jackson County. Orton, Jr., and Peppel. Occurrence of ferriferous 
limestone in. O. Geol. Sur., Bull. No. 4, pp. 180-82. 


Roy. Manner of mining in. Geol. of O., v. 5, pp. 1021-24. 





Jackson Ridge Oil Pool. Bownocker. Geology of the field. O. Geol. 
Sur., Bull. No. 1, p. 201. 


Bownocker. Wells of Monroe county. O. Geol. Sur., Bull. No. 
1, pp. 200-02. 





Jackson Shaft Coal. Orton. Jackson shaft coal in Vinton county. 
Geol. of O., v. 5, p. 995. 


Roy. Jackson shaft coal in Jackson county. Geol. of O., v. 5, 
pp. 1011-1015. 





Jaw Crusher. Bleininger. Machines used in cement grinding. O. Geol. 
Sur., Bull. No. 3, pp. 254-55. 


Jeffers Coal. Andrews. Jeffers coal in Gallia county. Geol. of O., v. 1, 
pt. 1, pp. 225-45. 


Jefferson County. Bownocker. Oil and gas production. O. Geol. Sur., 
Bull. No. 1, pp. 243-50. Brush Creek township, p. 247. Mt. 
Pleasant township, p. 249. Moss township, pp. 247-48. Salem 
township, p. 248. Smithfield township, pp. 248-49. Spring- 
field township, p. 248. Warren township, p. 250. Wells town- 
ship, pp. 249-50. 


Bownocker. Oil and gas production. O. Geol. Sur., Bull. No. 
1, pp. 243-50. Geologic map showing oil and gas territories. 
16x25.3 em. opp. p. 244. 

Brown. Pittsburgh coal. Geol. of O., v. 6, pp. 596-604. Cross 
Creek township, pp. 597-98. Island Creek township, p. 597. 
Knox township, p. 596. Mt. Pleasant township, pp. 602-03. 
Ross township, p. 596. Salem township, pp. 596-97. Smith- 
field township, pp. 600-02. Springfield township, p. 596. 
Steubenville township, p, 598. Warren township, pp. 603-04. 
Wayne township, p. 597. Wells township, pp. 599-600. 


Newberry. Geology. Geol. of O., v. 3, pp. 716-80. 
Newherry. Topography. Geol. of O., v. 3, pp. 716-18. 














Orton. Coal mines. Geol. of O., v. 5, pp. 297-99. 





Orton. Deep wells, drilling for oil and gas. Geol. of O., v. 6, 
pp. 404-06. 

Orton, Jr., and Peppel. Composition of limestone of, with ref- 
erence to their fitness for portland cement. O. Geol. Sur., Bull. 
No. 4, pp. 84-85. 
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Jewett Oil Pool. Bownocker. Wells of Harrison county. O. Geol. 
Sur., Bull. No. 1, pp. 232-33. 


Joints. Orton. Joints of the Ohio coal seams. Geol. of O., v. 5, pp. 
143-44. 


Jordan, David S. Report on the fishes of Ohio. Geol. of O., v. 4, pp. 
737-1002. 


Jurassic System. Newberry. Geol. of O., v. 1, pt. 1, pp. 81-2. 


Kahl Press. Teppel. Presses in use for hardening in sand-lime brick 
manufacture. Q. Geol. Sur., Bull. No. 5, p. 68. 


Kahn’s System. Eno. Kahn’s system of reinforced concrete.. O. Geol. 
Sur., Bull. No. 2, p. 137. 


Kames. Lindemuth. Kames of Darke county. Geol. of O., v. 3, pp. 
503-06. 

Newberry. Kames in Ohio. Geol. of O., v. 2, pt. 1, pp. 41-6. 
Newberry. Kames in Ohio. Geol. of O., v. 3, pp. 40-42. 
Orton. Kames in Franklin county. Geol. of O., v. 3, p. 646. 











Kaolin. Orton. Properties of kaolin. Geol. of O., v. 7, pp. 48-50. 


Peppel. Dehydrated kaolin employed in the manufacture of 
sand-lime brick. O. Geol. Sur., Bull. No. 5, p. 35. 





Kaolinite. Bleininger. Kaolinite as component mineral of Portland 
cement clay. O. Geol. Sur., Bull. No. 3, pp. 63-64. 


See also Clays. 


Kellerman, W. A. Catalogue of Ohio plants. Geol. of O., v. 7, pt. 2, 
pp. 36-406. 


Kelly’s Island. Orton. Lime production. Geol. of O., v. 6, pp. 750-62. 


Kent Mill. Bleininger. Machines used in cement. manufacture. O. 
Geol. Sur., Bull. No. 3, pp. 267-70. 


Keokuk Group. Ierrick. Keokuk group and its fossils in Ohio. Geol. 
of O., v. 7, pt. 2, pp. 514-15. 

Kidney Ores. Orton. Kidney ores of Stark, Carroll and Tuscarawas 
county. Geol. of O., v. 5, pp. 398-99. 


Kiln Capacities. Peppel. Consideration of kiln capacities in lime burn- 
ing. ©. Geol. Sur., Bull. No. 4, pp. 289-90. 


Kiln Lining. Bleininger. Refractory lining for cement burning kilns. 
O. Geol. Sur., Bull. No. 3, pp. 309-314. 
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Kilns. Bleininger. Varieties of kilns used in cement burning. O. 
Geol. Sur., Bull. No. 3, pp. 187-89. 


Peppel. Varieties of kilns for burning of lime in use in Ohio. 
O. Geol. Sur., Bull. No. 4, pp. 267-71. 





Kinderhook Group. Herrick. Kinderhook group and its fossils in 
Ohio. Geol. of O., v. 7, pt. 2, pp. 512-14. 


Kirtland, Jared P. Report on specimens of botany and zoology collected 
in Ohio. Ann. Rep., v. 1, 1837, pp. 65-69. 

Report on the zoology of Ohio. Ann. Rep., v. 2, 1838, pp. 157- 

200. 


Kittanning Clays and Shales. Orton. Kittanning clays in Ohio. 
Geol. of O., v. 7, pp. 65-66. 


Klippart, John H. Agricultural survey of Ohio. Rep. Prog., 1870, 
pp. 313-400. 





Knox County. Bownocker. Oil and gas production. O. Geol. Sur., 
Bull. No. 1, pp. 283-835. 


Orton. Deep wells, explorations for oil and gas. Geol. of O., 
v. 6, pp. 366-67. 


Read. Geology. Geol. of O., v. 3, pp. 325-47. 
———Read. Topography. Geol. of O., v. 3, pp. 325-333. 








Knoxville Oil and Gas Field. Bownocker. Wells of Jefferson county. 
O. Geol. Sur., Bull. No. 1, pp. 246-47. 


Koehler’s Excelsior Salt Works. Bownocker. Existing salt furnaces 
in Meigs county. O. Geol. Sur., Bull. No. 8, pp. 18-22. 


Komnick Press. Peppel. Presses for use in sand-lime brick manu- 
facture. O. Geol. Sur., Bull. No. 5, pp. 69-70. - 


Lake County. Orton. Shale gas. Geol of O., v. 6, pp. 427-428. 


Read. Geology. Geol. of O., v. 1, pt. 1, pp. 510-19. Geologic 
map of Ashtabula, Trumbull, Lake and Geauga counties, 26.3x32 
em. 


Read. Topography. Geol. of O., v. 1, pt. 1, pp. 510-12. 








Lake Ridges. Newberry. Lake ridges of Cuyahoga county. Geol of 
O., v. 1, pt. 1, pp. 178-81. 

Newberry. Lake ridges of Lorain county. Geol. of O., v. 2, pt. 
1, pp. 207-08. | 

Newberry. Lake ridges of Ohio. Geol. of O., v. 3, pp. 44-45. 


Newberry. Lake ridges of Ohio. Geol. of O., v. 2, pt. 1, pp. 
56-65. 
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Lake Ridges. Read. Lake ridges and terraces of Ashtabula county. 
Geol. of O., v. 1, pt. 1. pp. 485-9. 

— Read. Soil drift and lake mdges of Lake county. Geol. of O., 
v. 1, pt. 1, pp. 516-19. 


Lakes. Newberry. Origin of the basins of the lakes. Geol. of O., v. 
3, pp. 45-51. 
Newberry. Origin of the great lakes. Geol. of O.. ve. 2. pt. 7, 
pp. 72-80. 
Newberry. Lakes of Summit county. Geol. af O,v 1 pt. 1, 
p. 206. 


Lamellibranchiata (Paleozoic'. Meck. Lamellibranchiata of the Cin- 
cinnati group. Geol. of O.. v. 1. pt. 2. pp. 180-155. 
Meek. Lamellibranchiata of the Corniferous group. Geel. af O., 
v. 1, pt. 2. pp. 157-209. 
Ulrich. New and little known species from Lower Silurian rocks 
of Ohio and adjacent states. Geol. of O.v.7.pt. 2. pp. 626 98, 
See also Paleontolagy: Genera and Spectes. 


Lancaster. Orton. Oil and gas production. Prehm. Rep. on petro- 
leum and inflammable gas, ISST, pp. 169 6%. 


Lancaster Gas Field. Orton. I.ancaster gas field. Rep. 1800, pp- 
234-40. 


Lapham, I. A. Miscellaneous observations on the geology af Ohie, 
Exec. Docs.. 1836. Rep. No. 60, pp. 31 4. 


Las Ninfas Dam. Eno. Use of conerete in its eoustruetion. OO. Geol. 
Sur., Bull. No. 2. pp. 101 02. 


Lawrence County. Andrews. Local Geology. Rep. Pror.. ISTO, pp. 
181-213. Aid township, pp. 194 95. Deeatur town-hip opp. 
186-89. Elizabeth township, pp. 190 91. Fayette township, 
p. 208. Hamilton township, p. 197. Lawrence township. p vad, 
Mason township, p. 196. Perry township. pp. 2037. Rome 
township, pp. 202-3. Symmes township. p. ISO. Umion town 
ship, pp. 208-9. Upper township, pp. 197 200. Windsor town. 
ship, pp. 201-2. Washington township. pp. IN? Se. 

———Briggs. Coal. Ann. Rep., v, j IS8T. pp. SET. 

————Briggs. Geology. Ann. Rep, j y, 189 pp. TAOS. 

Briggs. Iron manufacture. , 7 Rev yo VAS, pp. MW 

———Briggs. Iron ores. Ann. Re. Ww {SVE PY. SAR, 

Orton. Coal mines. Geol. ae I RN: \WAL AG, 
Ay Voge 
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Lawrence County. Orton. Deep wells, explorations for oil and gas. 
Geol. of O., v. 6, p. 396. 

Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to their fitness for portland cement. O. Geol. Sur., Bull. 
No. 4, pp. 85-88. 

Orton, Jr., and Peppel. Occurrence of ferriferous limestone in. 
O. Geol. Sur., Bull. No. 4, pp. 175-79. 








Lead. Read. Lead of Holmes county. Rep. Prog., 1870, p. 483. 


Levees. Eno. Concrete in levee walls. O. Geol. Sur., Bull. No. 2, 
pp. 72-73. 


Lichens. Kellerman and Werner. Index to genera. Geol. of O., v. 7, 
pt. 2, p. 299. 

Kellerman and Werner. List of lichens of Ohio. Geol. of O., 
v. 7, pt. 2, pp. 286-98. 





Licking County. Foster. Physical geography. Ann. Rep., v. 2, 1838, 
p. 75. 

Orton. Coal mines. Geol. of O., v. 5, pp. 908-11. 

Orton. Deep wells, explorations for oil and gas. Geol. of O., 

v. 6, pp. 370-72. 

Orton. Iron ores. Geol. of O., v. 5, pp. 402-04. 

Orton, Jr., and Peppel. Composition of limestones of, with ref- 

erence to their fitness for portland cement. O. Geol. Sur., Bull. 

No. 4, pp. 88-89. 

Read. Geology. Geol. of O., v. 3, pp. 348-361. 

Read. Topography. Geol. of O., v. 3, pp. 348-349. 




















Lima Oil Field. Orton. Development of the Lima oil field. Prelim. 
Rep. on petroleum and inflammable gas. 1886, pp. 41-6. Edition 
1887, pp. 60-7. 

Orton. Lima field as asource of Trenton limestone oil. Prelim. 
Rep. on petroleum and inflammable gas, 1887, pp. 152-57. 





Lime. Bleininger. Lime as a constituent of hydraulic cements. O. 
Geol. Sur., Bull. No. 3, pp. 34-37. 

Bleininger. Lime materials in cement making. O. Geol. Sur., 
Bull. No. 3, pp. 85-87. 

Bleininger. Methods of winning lime materials. O. Geol. Sur. 
Bull. No. 3, pp. 249-50. 

Eno. Lime in cement mortar. O. Geol. Sur., Bull. No. 2, pp. 
41-46. 











SUBJECT INDEX OF OHIO REPORTS. 137 


Lime. Gilbert. Lime of Lucas county. Geol. of O., v. 1, pt. 1, pp. 

hl we 

——Orton. Lime burning in Clark county. Geol. of O., v. 1, pt. 1, 
pp. 473-79. 

———Orton. Manufacture of lime from Corniferous limestone in 
Franklin county. Geol. of O., v. 3, pp. 631-632. 

———Orton. Lime burning in Greene county. Geol. of O., v. 2, pt. 1, 

pp. 676-77. 

Orton. Production in Ohio. Geol. of O., v. 6, pp. 703-771. 

Orton. Use of natural gas in lime burning. Rep., 1890, pp. 

276-77. 

Orton, Jr., and Peppel. Use of corniferous limestone for lime in 

Ohio. O. Geol. Sur., Bull. No. 4, p. 166. 

Orton, Jr.,and Peppel. Use of Lower Helderberg limestones for 

lime, in Ohio. O. Geol. Sur., Bull. No. 4, p. 158. 

Orton, Jr., and Peppel. Use of Niagara limestones for, in Ohio. 

O. Geol. Sur., Bull. No. 4, p. 154. 

Peppel. Commercial uses of ground lime. O. Geol. Sur., Bull. 

No. 4, p. 319; of lump lime, p. 319. 

Peppel. Definition of lime. O. Geol. Sur., Bull. No. 4, pp. 249- 

251. 

Peppel. Preparation of lime used in manufacture of sand-lime 

brick. ©. Geol. Sur., Bull. No. 5, pp. 39 4. 

Peppel. Processes of manufacture, equipment, and commercial 

uses of hydrated lime. ©. Geol. Sur., Bull. No. 4, pp. 319-411. 

Peppel. Production in Ohio. ©. Geol. Sur., Bull. No. 4, pp. 

229-355. 

Peppel. Quantity and kind of lime used in manufacture of sand- 

line briek. ©. Geol. Sur., Bull. No. 5, pp. 39-38. 



































—— -Peppel. Technology of the lime industry. ©. Geol. Sur., Bull. 
No. 4, pp. 249-341. 

Peppel. Use of limestones for manufacture of lime in Ohio. ©. 
Geol. Sur., Bull. No. 4, pp. 222 -33. 








Winchell. Lime burning in Allen county. Geol of O., v. 2, 
pt. 1, pp. 401--02. 

Winchell. Lime of Delaware county. Geol. of O., v. 2, pt. 1, 
pp. 296-99. 


Winchell. Lime of Ottawa County: Geol. of 0., v. 2, pt. 1, p. 235. 











Winchell. Lime of Sandus), county. Geol. of O., v. 1, pt. 1, 
pp. 606-07. , 
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Lime. Winchell. Limekilns of Van Wert county. Geol. of O., v. 2, pt. 1, 
p. 323. 

Winchell. Lime burning in Wood county. Geol. of O., v. 2, pt. 
1, pp. 376-378. 

Winchell. Quicklime of Delaware county. Geol. of O., v. 2, 
pt. 1, pp. 309-12. 

See also Gypsum. 








Lime Burning. Peppel. Discussion and experimental investigations 
of temperature for burning lime. O. Geol. Sur., Bull. No. 4, pp. 
293-311. 

—— —Peppel. Processes and machinery of lime burning. O. Geol. 
Sur., Bull. No. 4, pp. 265-310. 


Lime Cooling. Peppcl. Methods employed in cooling burned lime. 
O. Geol. Sur., Bull. No. 4, pp. 311-13. 


Lime Classification. Peppel. Classification and definition of limes. 
O. Geol. Sur., Bull. No. 4, pp. 251-54. 


Lime Industry. Peppel. Distribution of lime industry in Ohio. O. 
Geol. Sur., Bull. No. 4, pp. 225-227. 

Peppel. Recent history of the industry in Ohio. O. Geol. Sur., 
Bull. No. 4, pp. 227-29. 

Peppel. Technology of the lime industry. O. Geol. Sur., Bull. 
No. 4, pp. 249-341. 








Lime Manufacture. TPeppel. Description and plans of typical lime 
manufacturing establishments in Ohio. O. Geol. Sur., Bull. No. 
4, pp. 343-365. 

Peppel. Processes in manufacture of lime. O. Geol. Sur., Bull. 
No. 4, pp. 260-341. 





Limestones. Andrews. Fossiliferous limestones of Athens county. 
Geol. of O., v. 1, pt. 1, pp. 262-90. 

Andrews. Limestones of Morgan county. Geol. of O., v. 1, pt. 
1, pp. 294-313. . 

Andrews. Limestones of Muskingum county. Geol. of O., v. 1, 
pt. 1, pp. 314-44. 

Andrews. Limestones of Noble county. Geol. of O., v. 2, pt. 1, 
pp. 513-25. 

Andrews. Limestones of Washington county. Geol. of O., v. 2, 
pt. 1, pp. 461-508. 

Bleininger. Limestone and calcareous matcrials in Portland 
cement. O. Geol. Sur., Bull, No. 3, pp. 226-31. 
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Limestones. Briggs. Limestones in Crawford county. Ann. Rep., v. 
2, 1838, pp. 120-21. 

—Briggs. Limestones in Hocking and Athens counties. Ann. 
Rep., v. 2, 1838, pp. 135-37. 

———Briggs. Limestones in region between Scioto and Hockhocking 
rivers. Ann. Rep.. v. 1, 1837, pp. 82-83, 76. 

———Briggs. limestones in Tuscarawas county. Ann. Rep., v. 2, 
1838, pp. 147-43. 

— Briggs. Limestone in Wood county. Ann. Rep., v. 2, 1838, pp. 

112--14. 

-Foster. Limestone in Muskingum, Licking and Franklin counties. 

Ann. Rep., v. 2, pp. 838 -98. 





——Hawes. Building stone of Ohio. Geol. of O., v. 5, pp.-608-41. 


Hawes. Quarries in Ohio. Geol. of O., v. 5, pp. 608-411. 


———Hildreth. Limestone in Morgan, Athens, Meigs, ete., counties. 
Ann. Rep., v. 1, 1857. pp. 38-9, 46, 47-8. 
—— -Hodge. Limestones in Coshocton eounty. Geol. of O., v. 3, 


pp. 66 67. 

—— --ILussey. Quarriesin Miamicounty. Geol, of O., v.3, pp. 478-80. 

—— -hindemuth. — Fossils in Guelph in Darke county. Geol. of O. v. 3, 
pp. olb 15. 

— ——Lindemuth. Quarries in Darke county. Geol. of O., v. 3, 
pp. >12 14. 

——— Lorke. Limestones in southwestern Ohio. Ann. Rep. v. 2, 
1S38, pp. NS 7. 

—— -— Locke. Limestone in Adams eountv. Ann. Rep. v. 2, 1838, 
pp. 2415 tH. 


—— --Lorke. Quarries in Preble and Montgomery counties. Ann. 


Rep. v. 2. SSS. pp. 227 32. 

—— --Lovejoy. Limestones of the Pomerov and Federal Creek coal 
field. Ceol of O0, v.6. pp. 629 30. 632 3. 

—— -Mather. Limestone in Ohio. Ann. Rep., v. 1, 1837, p. 9. 


-——- Newberry. Corniferous limestones in Erie county. Geol, of O., 
v. 2. pt. 1. pp. 190:95. 

— — Newberry. Limestones in Tusearawas county. Geol, of O., v. 3, 
pp. 62%. 

—— Newberry. Quarries in Lorgjy county. Geol. of O.. v. 2. pt. 1, 

pp. 216 10. 

Newberry. White limestoy 1 Unhonyy county. Geol. of O., 

v. 3. pp. 797 IN. \en 
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Limestones. Orton. Cedarville limestone in Clark county. Geol. of 
O., v. 1, pt. 1, pp. 471-73. 

Orton. Cliff and Blue cliff limestone in Highland county. Rep. 
Prog., 1870, pp. 274-77. 

Orton. Cliff limestone in Highland and Adams counties. Rep. 
Prog., 1870, pp. 295-308. 

Orton. Fossils in Ross county limestone. Geol. of O., v. 2, pt. 
1, pp. 644-45. 

Orton. Fossils in Springfield limestone of Clark county. Geol. 
of. O., v. 1, pt. 1, p. 470. 

Orton. Hill-quarry series in Hamilton county. Geol. of O., 
v. 1, pt. 1, pp. 424-25. 

Orton. Limestone in the Cincinnati group. Geol. of O., v. 1, 
pt. 1, pp. 373-79. 

Orton. Limestone in the Hanging Rock district. Geol. of O., 
v. 3, pp. 888-99. 

Orton. Limestone in Montgomery county. Rep. Prog., 1869, 
pp. 149-53. 

Orton. Limestone as reservoirs for petroleum and natural gas. 
Geol. of O., v. 6, pp. 86-7. 

Orton. Limestone in Ross county. Geol. of O., v. 2, pt. 1, 
pp. 643-46. 

Orton. Limestones of the lower coal-measures of Ohio. Geol. 
of O., v. 5, pp. 13-27. 

Orton. Point Pleasant beds in Clermont county. Geol. of O., 
v. 1, pt. 1, pp. 437-38. 

Orton. Quarries in Franklin county. Geol. of O., v. 3, pp. 
607-614. 

Orton. Quarries of Springfield limestone in Clark county. 
Geol. of O., v. 1, pt. 1, pp. 467-70. 

Orton. Thickness of Devonian and Upper Silurian limestones 
in geological scale of Ohio. Prelim. Rep. on petroleum and 
inflammable gas, 1887, pp. 122--23. 


















































Orton, Jr., and Peppel. Composition of limestones, in belmont 
county, with reference to their fitness for portland cement. ©. 
Geol. Sur., Bull. No. 4, pp. 40-47. 

Orton, Jr., and Peppel. Composition, physical character and 
uses of the limestones of Ohio, considered by geological forma- 
tions. QO. Geol. Sur., Bull. No. 4, pp. 137-211. 


Orton, Jr., and Peppel. Limestones and lime industry in Ohio. 
O. Geol. Sur., Bull. No. 4. 
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Limestones. Sve also Carboniferous system; lWaterline; also names of 
formations, 


Limestone Analyses. By Formations or Localities. Cambridge stone 
of Ohio. O. Geol. Sur., Bull. No. 3, pp. 93-94. 


——--—Clinton limestone in Ohio. O. Geol. Sur., Bull. No. 3, pp. 98-9. 

-——-(Clinton formation in Ohio. ©. Geol. Sur., Bull. No. 4, pp. 144-45. 

— --Corniferous limestones. ©. Geol. Sur., Bull. No. 3, pp. 100-101. 

———(Corniferous limestone in Crawford county. O. Geol. Sur., Bull. 
No. 4, p. 58. 

—-—Corniferous or Devonian limestones in Ohio. O. Geol. Sur., Bull. 
No. 4, pp. 160-63. 


Crinoidal or Ames limestone. ©. Geol. Sur., Bull. No. 3, p. 94. 





Delaware limestone from Delaware county. QO. Geol. Sur., Bull. 
No. 4, p. 61. 

Ferriferous limestone from Lawrence county. -O. Geol. Sur., 
Bull. No. 4, pp. 86-87. 











Limestones from Hocking valley. Geol. of O., v. 5, pp. 477-478. 
—— -Limestones from Tuscarawas county. Geol. of O., v. 3, p. 89. 
Lower Carboniferous formation. O. Geol. Sur., Bull. No. 3 
pp. 100-101. 
Lower Helderberg limestones. ©. Geol. Sur., Bull. No. 4, pp. 
156-57; from Van Wert county, p. 128; from Ottawa county, p. 
108; Lower Kittaning from Columbiana county, Ohio. O. Geol. 
Sur., Bull. No. 4, p. 191. 
—— —Lower Kittanning in Ohio. ©. Geol. Sur., Bull. No. 3, p. 93. 
Lower Silurian or Hudson river formation. ©. Geol. Sur., Bull. 
No. 3, pp. 98-99. | 
Lower Silurian or Hudson river group limestones. ©. Geol. Sur., 
Bull. No. 4, pp. 140--41. 


Maxville and Ames limestone from Muskingum county. ©. Geol. 

Sur., Bull. No. 4, p. 104. 

Maxville limestone of Ohio. ©. Geol. Sur., Bull. No. 4, pp. 

170-71. 

Meigs ereek limestones in Ohio. ©. Geol. Sur., Bull. No. 4, pp. 

208-090. 

---—— —Mereer limestones in Olio. ©. Geol, Sur, Bull. No. 3, p. 91; 
Bull. No. 4, p. 172. | 

——-- Middle Rittaning from Columbiana county, Ohto. ©, Geol. Sur., 

Bull. No. 4. p. 101. 


- —- -Middle Rittanning in Ohio. ©. Geol, Sur.. Bull. No. 5, p. 93. 





’ 




















--— - Niagara limestones in Ohio. O. Geol. Sur., Bull. No. 4. pp. 150- 53. 
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Limestone Analyses. By Authors or Analysts.—(Continued.) 


Lord. Lower Freeport from Columbiana county. O. Geol. Sur., 
Bull. No. 4, p. 57; Lucas limestone, water lime or Lower Helder- 
berg in Allen county, p. 37; Niagara limestones from Fostoria, 
Seneca county, p. 124; Niagara (Springfield) limestones from 
Ottawa county, p. 108; Owens limestones from Marion county, 
p. 94; Woodville (Niagara) from Sandusky county, p. 120. 
Lord, Meek. Columbus limestone from Franklin county. O. 
Geol. Sur., Bull. No. 4, p. 64. 

Lord and others. Trenton limestone in Ohio. Geol. of O., v. 6, 
pp. 103, 104, 105. 

——— Lord, Peppel. Lower Helderberg at Fremont, Sandusky county. 
O. Geol. Sur., Bull. No. 4, p. 120 ; Maxville limestone from Hock- 
ing county, p. 80; Maxville limestone from Perry county, p. 113; 
Waterlime from Hancock county, p. 73. 

Lord, Peppel, Wormley. Niagara limestone in Greene county. 
O. Geol. Sur., Bull. No. 4, p. 66. 

Lord, Wormley. Clinton limestone of Clark county. O. Geol. 
Sur., Bull. No. 4, p. 51; Clinton limestone from Greene county, 
p. 67; Clinton limestone from Miami county, p. 97; Corniferous 
limestones of Ottawa county, Hartshorn, p. 109; Niagara from 
Miami county, p. 97; Springfield limestones of Clark county, pp. 
50-51. 

Lord. Method of analysis. Geol. of O., v. 5, pp. 1093-94. 
Nauss, Peppel, Wormley. Ferriferous limestone from Jackson 
county. O. Geol. Sur,. Bull. No. 4, p. 83. 

Newberry. Limestones from Mahoning county. Geol. of O., 
v. 3, p. 814. | 

Orton. Limestone from Franklin county. Geol. of O., v. 3, 
pp. 616-18. 

Orton. Limestone from Lancaster, Fairfield county. Geol. of O. 
v. 6, pp. 383-384. 

Orton. Limestone from Montgomery county. Rep. Prog., 1869, 
pp. 151-53. 

Orton. Trenton limestone. O. Geol. Sur., Bull. No. 1, p. 18. 
Orton. Niagara limestone from Wood county. O. Geol. Sur., 
Bull. No. 4, p. 133; Springfield limestone from Preble county, 
p. 116. 

Orton, Jr. Trenton limestone of southwest Ohio. Geol. of O., 
v. 6, pp. 262, 266, 268, 271, 272, 273, 279, 282, 287, 288, 297, 303. 
Orton, Wormley, Peppel. Niagara formation in Darke county, . 
O. Geol. Sur., Bull. No. 4, p. 59. 
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Limestone Analyses. By Authors or Analysts—(Continued.) 

















Peppel. Belmont county limestones. O. Geol. Sur., Bull. No. 
4, pp. 43, 44, 46, 47; Cambridge limestone from Lawrence county, 
p. 88; Cincinnati limestones of Hamilton county, p. 72; Clinton 
and Niagara limestone of Greene county, p. 69; Clinton limestone 
of Clark county, p. 51; Clinton limestone from Clinton county, 
p. 55; Clinton limestone from Montgomery county, p. 102; Clin- 
ton limestone from Piqua, Miami county, p. 98; Clinton limestone 
from Preble county, pp. 118, 119; Columbus and Delaware lime- 
stones from Franklin county, p. 65; Corniferous limestone of 
Defiance county, p. 60; Corniferous limestones at Marblehead, 
Ottawa county, p. 110; Corniferous from Seneca county, p. 125; 
Corniferous from Wood county, p. 133; a crinoidal limestone from 
Columbiana county, p. 57; Ferriferous limestone from Scioto 
county, p. 123; Freeport limestone from Athens county, p. 37; 
Glendale limestones from Hamilton county, p. 72; Highland 
county limestones, p. 78; Hudson river group in Adams county, 
p. 33; Hudson river group in Brown county, p. 48; Hudson river 
group in Butler county, p. 49; Hudson river group in Clermont 
county, pp. 52, 53; Hudson river group in Warren county, p. 128; 
Impure limestone from Tuscarawas county, p. 127; Lower Hel- 
derberg in Logan county, p. 90; Lower Mercer from Howard 
Furnace, Scioto county, p. 122; Lower Mercer in Perry county, 
p. 112; Lower Niagara in Preble county, p. 119; Lucas limestone, 
waterlime or Lower Helderberg in Allen county, p. 36; Maxville 
limestones from northwestern Perry county, p. 114; Meigs creek 
limestone from Monroe county, p. 100; Meigs creek limestone 
from Morgan county, p. 103; Meigs creek limestone from Noble 
county, p. 107; Meigs creek and Pittsburg limestones from 
Guernsey county, p. 70; Mercer limestones from Licking county, 
p. 88; Niagara group in Adams county, p. 34; Niagara formation 
in Mercer county, p. 96; Niagara formation from Piqua, Miami 
county, p. 98; Owens limestones from Marion county, p. 95; 
Pittsburg limestone from Athens county, p. 40; Putnam Hill 
stone from Stark county, p. 126; Upper coal-measures limestone 
in Jefferson county, p. 85; Waterlime from Bellevue, Sandusky 
county, p. 121; Waterlime formation in Hardin county. p. 74. 
Peppel, Nauss. Maxville limestone from Muskingum county. 
QO. Geol. Sur., Bull. No. 4, p. 106. 

Wormley. Analyses. Rep. Prog., 1870, pp. 448-81. 
Wormley. Cambridge limestone from Guernsey county. O. 
Geol. Sur., Bull. No. 4, p. 70. 

Wormley. Cement limestone Tor) spon county. Geol. of O., 
v. 2, pt. 1, pp. 548-49, 557, 558 | 5 2031 0 


10—S. G.—Bull. 6. NT 
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Limestone Analyses. By Authors or Analysts. 
Wormley. Clinton limestone. Geol. of O.,v.'6, p.' 705. 


Wormley. Eaton limestones (Clinton and Niagara) in Preble 
county. O. Geol. Sur., Bull. No. 4, p. 116. 


Wormley. Helderberg limestones of Highland and Pike counties. 
Geol. of O., v. 6, p. 730. 

Wormley. Hudson river group in Clermont county. O. Geol. 
Sur., Bull. No. 4, p. 52. 

Wormley. Limestone from Greene county. Geol. of O., v. 2, pt. 
1, p. 678. 

Wormley. Limestone of Darke and Shelby counties. Geol. of 
O., v. 6, p. 727. 

Wormley. Limestone from Hocking county, Starr township. 
Rep. Prog., 1870, p. 84. 

Wormley. Limestone of the Hudson river group. Geol. of O., 





























v. 6, p. 704. 
Wormley. Limestone from Jefferson county. Geol. of O. v. 3, 
p. 780. 





Wormley. Lower Mercer in Hocking county. O. Geol. Sur., 
Bull. No. 4, p. 81; Niagara in Shelby county, p. 126; Niagara 
and Waterlime in Highland county, p. 75. 

Wormley. Niagara limestones used for lime production. Geol. 
of O., v. 6, p. 705. 

—-—Wormlcy. Waterlime formation in Fayette county. O. Geol. 
Sur., Bull. No. 4, p. 63. 

Wormley, Locke, Lord. Clinton limestone from Montgomery 
county. O. Geol. Sur., Bull. No. 4, p. 101. 

Wormley and Lord. Clinton Limestones. Geol. of O., v. 6, 
pp. 728, 729. 

———Wormley, Lord. FT erriferous limestone from Holmes county. O. 
Geol. Sur., Bull. No. 4, p. 81. 

Wormley and Lord. Lime of Clark county. Geol. of O., v. 6, 
pp. 716, 717, 718, 719. 

Wormlecy, Peppel. Corniferous and Waterlime in Lucas county. 
QO. Geol. Sur., Bull. No. 4, p. 91; Meigs Creek coal strata in Wash- 
ington county, pp. 129, 131, 132. 

















Limestone Coal. Orton. Limestone coal in Vinton county. Geol. of 
O., v. 5, pp. 1001-1003. 


Limestone Ore. Lord. Limestone ore of Hanging Rock district. 
Geol. of O., v. 5, pp. 486--88. 

—— --Orton. Group of limestone ores from Hanging Rock district. 
Geol. of O., v. 5, pp. 426-35. 
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Limestone Ore. Orton. Limestone kidney ore of Hanging Rock dis- 
trict. Geol. of O., v. 5, pp. 427-28. 


Orton. Limestone ore of Hanging Rock district. Geol. of O., 
v. 5, pp. 428-30. 





Limestone Production. Peppel. Table of approximate production of 
limestone by counties of Ohio in 1902. ©. Geol. Sur., Bull. No. 
4, p. 247-48. 


Limestone Sampling. Orton and Peppel. Methods emploved in sam- 
pling and testing limestones. O. Geol. Sur., Bull. No. 4, pp. 25-28. 


Limestone Testing. Orton and Peppel. Methods employed in sampling 
and testing limestones. QO. Geol. Sur., Bull. No. 4, pp. 28-30. 


Limonite. Winchell. Bog ore in Hancock county. Geol. of O., v. 2, 





pt. 1, p. 366. 
Winchell. Bog iron ore in Morrow county. Geol. of O., v. 2. 
pt. 1, p. -270. 





Wormley. Analysis of limonite from Muskingum county. 
Geol. of O., v. 1, pt. 1, pp. 319, 323, 327. | 
Winchell. Bog iron ore in Putnam county. Geol. of O., v. 2. 
pt. 1, p. 394. 

Winchell. [Bog iron ore in Seneca county. Geol. of O., v. 1, pt. 
1, p. 624. 








Lindemuth, A. C. Geology of Darke county. Geol. of O.. v. 3, pp. 
496-5158. 
Lizards, see Reptiles. 


Locke, John. Analysis of limestone from Cincinnati and Dayton. 
Exec. Docs., 1836. Rep. No. 1, pp. 77-78. 

—— Geological report on southwestern Ohio. Ann. Rep., v. 2, 1838, 
pp. 203--86. 

Logan County. Hill. Geology. Geol. of ©. v. 3. pp. 482-90. Geo- 

logie map, Logan and Champaign counties. p. 491,.14x17.9 em. 

Hill. Topography. Geol. of O., v. 3, pp. 482 483. 

Orton. Oil and gas wells. Geol. of OÖ. v. 6, pp. 266-69. 








—--— Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to their fitness for portland cement. ©. Geol. Sur., Bull. 
No. 4, pp. 89 90. 

——-Riddell. Geology. O. Excee. Does., 1836. Rep. No. 60, p. 14. 

Logan Group. Bownocker. Oil and gas producing roeks in Ohio. 

O. Geol. Sur.. Bull. No. 1, pp. 25-25.’ 

Orton. Logan group in Ohio. Geol. of ©. v. 6. pp. 39-42. 

Same, Rep., 1890, pp. 39 42. Same, Geol. of O.. v. 7, p. 35. 
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Logan Group. Prosser. The Logan formation in the revised Ohio 
geological scale. O. Geol. Sur., Bull. No. 7, p. 17. 


Long Run Field. Lovejoy. Long Run division of Pomeroy and Federal 
creek coal fields. Gcol. of O., v. 6, pp. 645-47. 


Lorain County. Bownocker. Oil. and gas production. O. Geol. Sur., 
Bull. No. 1, p. 305. 

Newberry. Geology. Geol. of O., v. 2, pt. 1, pp. 206-24. 
Newberry. Topography. Geol. of O., v. 2, pt. 1, pp. 206-10. 
Orton. Deep wells, explorations for oil and gas. Geol. of O., 
v. 6, pp. 347-50. 

Orton. Shale gas. Geol. of O., v. 6, pp. 436-439. 


Lord, N. W. Iron manufacture in Ohio. Geol. of O., v. 5, pp. 438-554. 
Lord. Natural and artificial cements. Geol. of O., v. 6, pp. 
671-95. 

Lord. Report of the chemical department. Geol. of O., v. 5, pp. 
1086-1113. . 


Lorraine Formation. Prosser. Probability of renaming this formation 
in the revised geological scale of Ohio. O. Geol. Sur., Bull. No. 


7, p. 34. 




















Lovejoy, Ellis. The Pomeroy and Federal creck coal field. Geol. of O., 
v. 6, pp. 627-52. 


Lower Clarion Coal. Orton. Lower Clarion or Brookville coal in Ohio. 
Geol. of O., v. 7, p. 277. 


Lower Freeport Coal. Orton. Characteristics of Ohio coal. Geol. of O., 

v. 5, p. 166. 

Orton. Lower Freeport in Guernsey county. Geol. of O., v. 5, 

p. 286. 

Orton. Lower Freeport in Lawrence and Gallia counties. Geol. 

of O., v. 5, p. 1052. 

—— Orton. Lower Freeport (Coal No. 6 a) in Ohio. Geol. of O., 
v. 7, pp. 279-81. 

——-—Qrton. Lower Freeport in Vinton county. Geol. of O., v. 5, 
p. 1007. 








Lower Freeport Limestone. (Orton, Jr.. and Peppel. Composition of, 
in Columbiana county, with reference to fitness for portland 
cement. ©. (Geol. Sur., Bull. No. ft. Pp. 96--97. 


Lower Helderberg. lownocker. Gas and oil producing rocks. O, 
Geol. Sur., Bull. No. 1, p. 21. 
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Lower Helderberg. Hawes. Lower Helderberg as building stone. Geol. 
of O., v. 5, pp. 621-29. 

Hawes. Quarries. Geol. of O., v. 5, pp. 622-29. 

Orton. Lower Helderberg or waterlime formation of Ohio. 
Geol. of O., v. 6, pp. 16-20. Same Rep. 1890, pp. 21-44. 
—— Whitfield. Description of fossils. Geol. of O., v. 7, pt. 2, pp. 
410-19. 

Orton, Jr.,and Peppel. Composition, in Allen county, with ref- 
erence to fitness for portland cement. O. Geol. Sur., Bull. No. 
4, pp. 36-37; in Ottawa county, p. 108; in Sandusky county, p. 
120; in Van Wert county, pp. 127-28. | 











Lower Helderberg Formation.. Orton, Jr., and Peppel. Composition, 
physical character and uses of limestones in Ohio. O. Geol. Sur., 
Bull. No. 4, pp. 155-58; in Madison county, pp. 134-35; in Put- 
nam county, p. 135; in Union county, p. 135; in Wyandot county, 
p. 135. 
See also Helderberg Groups; Helderberg Limestone; Monroe 
Formation. 


Lower Kittanning Coal (No. 5). Orton. Characteristics of Ohio coal. 
Geol. of O., v. 5, pp. 163-64. 

Orton. Lower Kittanning of Jackson county. Geol. of O., v. 5, 
pp. 1029-1030. 

Orton. Lower Kittanning coal of Muskingum county.  Geol. of 
of O., v. 5, pp. 871-73. 

Orton. Lower Kittanning coal of north Perry county. Geol. of 
O., v. 5, pp. 889-908 (seattered ref.). 

Orton. Lower Kittanning coal of Scioto and Lawrence counties. 
Geol. of O., v. 5. pp. 1042-45. 


Orton. Lower Wittanning coal of Ohio. Geol. of O.,v, 7, p. 278. 




















Orton. Lower Kittanning coal of Tusearawas county. Geol. of 
O., v. 5, pp. 260 -64. 

Orton. Lower Kittanning coal of Vinton county. Geol. of O., 
v. 9d, p. 1003. 

Orton, Jr. Lower Rittanning coal of Coshocton county. Geol. 
of O., v. 5, p. S55. 

Wright. Lower Kittanning coal in Holmes county. Geol. of O., 
v. 5, pp. 828- 30. 











Lower Kittanning Limestone. Orton, Jr.,and Peppel. Occurrence of, 
in Ohio. QO. Geol. Sur., Bull. No. 4. p. 191. 


Lower Mercer Clay and Shale. Orton. Lower Mercer clay and shale 
in clay industries. Geol. of 0., v. 7. p. 61. 
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Lower Mercer Coal (No. 3). Orton. Characteristics of Ohio coal seams. 
Geol. of O., v. 5, pp. 158-59. 

Orton. Lower Mercer in Nelsonville district. Geol. of O., v. 5, 
pp. 989-91. 

Orton. Lower Mercer coal in Ohio. Geol. of O., v. 7, pp. 274-75. 
Orton. Lower Mercer coal in Vinton county. Geol. of O., v. 5, 
pp. 995-96. | 

Wright. Lower Mercer coal in Holmes county. Geol. of O., v. 5, 
pp. 823-25. 














Lower Mercer Limestone. Orton, Jr., and Peppel. Composition of, in 
Hocking county, with reference to fitness for portland cement. 
O. Geol. Sur., Bull. No. 4, pp. 80-81; in Lawrence county, p. 85; 
in Scioto county, p. 122. 
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———Orton and Peppel. Limestones for Portland cement. O. Geol. 
Sur., Bull. No. 3, p. 89. 
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No. 4, pp. 90-92. 

Riddell. Geology of Sandusky, Wood and Lucas counties. 
Exec. Docs., 1836, Rep. No. 60, pp. 19-23. 
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Luten’s System. Eno. Luten’s system of reinforced concrete con- 
struction. O. Geol. Sur., Bull. No. 2, p. 139. 
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Newberry. Local geology. Geol. of O., v. 3, pp. 799-811. 
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Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to their fitness for portland cement. O. Geol. Sur., Bull., 
No. 4, pp. 92-93. 
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facture of sand-lime brick. O. Geol. Sur., Bull. No. 5, pp. 71-79. 
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193 214. 

Geologic map, showing oil and gas territories, 22.5x18.6 cm. opp. 
p. 194. 


162 BIBLIOGRAPHY OF OHIO GEOLOGY. 


Morgan County. Bownocker. Early history of salt industry. O. Geol. 
Sur., Bull. No. 8, pp. 13-14. 
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p. 55. Ctenodonta cingulata, Geol. of O., v. 7, pt. 2, p. 680. 
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Ctenodus, Geol. of O., v. 2, pt. 2, p. 410. Ctenodus ohiensis, 
pp. 410-11. Ctenodus reticulatus, Geol. of O., v. 2, pt. 2, pp. 60- 
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Cuneamya, Geol. of O., v. 2, pt. 2, pp. 90-91. Cunea- 
mya miamiensis, pp. 91-92. Cuneamya scapha, pp. 92- 
93. Cyathocrinus somersi, Geol. of O., v. 7, pt. 2, pp. 

i 482-83. Cycloconcha, Geol. of O., v. 7. pt. 2, p. 686. 
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attenuata, Geol. of O., v. 7, pt. 2, pp. 664-65. Cymatonota cona 
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Cypricardites sterlingensis, pp. 133-35. Cypricardites caswelli, 
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Eucalyptocrinus splendidus, pp. 128-29. Euomphalus decewi, 
Geol. of O., v. 1, pt. 2, pp. 220-21. Eurylepis, Geol. of 
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Eurypterus eriensis, Geol. of O., v. 7, pt. 2, pp. 416-17. Eury- 
thorax, Geol. of O., v. 2, pt. 2, pp. 401-02. Eurythorax sub- 
levis, p. 402. 

Favistella, Geol. of O., v. 2, pt. 2, pp. 184-85. Favistella 
stellata, pp. 185-86. Favosites aspera, Geol. of O., v. 2, 
pt. 2, pp. 225-26. Favosites gothlandica, pp. 224-25. 
Favosites venusta, p. 226. Favosites favosa, p. 229. Favosites, 
p. 183. Favosites gothlandica, pp. 183-84. Favosites in- 
'vaginata, pp. 232-33. Favosites pleurodictyoides, pp. 231-32. 
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Goniophora dubia, Geol. of O., v. 7, pt. 2, pp. 415-16. Gram- 
mysia bisulcata, Geol. of O., v. 7, pt. 2, pp. 451-52. Grammysia 
hannibalensis, Geol. of O., v. 2, pt. 2, pp. 300-01. Grammysia 
rhomboides, pp. 302-03. Grammysia ventricosa, p. 303. Gy- 
racanthus, Geol. of O., v. 1, pt. 2, p. 330. Gyracanthus alleni, 
p. 331. Gyracanthus compressus, pp. 330-31. Gyracanthus, 
Geol. of O., v. 2, pt. 2, p. 57. Gyroceras columbiense, Geol. of 
O., v. 7, pt. 2, pp. 430-31. Gyroceras seminodosum, p. 431. 
Gyroceratites (nautilis) inelegans, Geol. of O., v. 1, pt. 2, pp. 232. 
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Geol. of O., v. 2, pt. 2, pp. 62-63. Heliodus lesleyi, p. 64. Hemicy- 
stites stellatus, Geol. of O., v. 1, pt. 2, pp. 52-54. Hemicystites, 
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Lyrodesma conradi, Geol. of O., v. 7, pt. 2, p. 684. Lyrodesma 
grande, p. 683. Lyrodesma inornatum, pp. 682-83. Lyrodesma 
subplanum, pp. 683-84. Macheracanthus, Geol. of O., v. 1, 
pt. 2, pp. 302-04. Machsracanthus major, p. 304. Machera- 
canthus peracutus, p. 305. Machsracanthus sulcatus, p. 305. 
Macrocheilus klipparti, Geol. of O., v. 2, pt. 2, pp. 346-47. Ma- 
crocheilus priscus, Geol. of O., v. 7, pt. 2, p. 424. Macrocheilus 
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Macropetalichthys, Geol. of O., v. 1, pt. 2, pp. 290-94. Macrop- 
etalichthys sullivanti, pp. 294-96. Megalichthys, Geol. of O., v. 1, 
pt. 2, pp. 343-44. Megamıbonia jamesi, Geol. of O., v. 1, pt. 2, 
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O., v. 2, pt. 2, pp. 158-60. Meristella bella, Geol. of O., v. 7, pt. 2, 
p. 412. Meristella levis, pp. 411-12. Meristella (meristina) 
cylindrica, Geol. of O., v. 1, pt. 2, pp. 180-82. Meristella um- 
bonata, Geol. of O., v. 7, pt. 2, pp. 590-91. Meristina maria, 
Geol. of O., v. 2, pt. 2, pp. 132-33. 

Modiolodon declivis, Geol. of O., v. 7, pt. 2, p. 654. Modio- 
lodon obtusus, pp. 654-55. Modiolodon oviformis, pp. 652-53. 
Modiolodon oviformis amplus, p. 653. Modiolodon subovalis, 
pp. 655-56. Modiolodon subrectus, pp. 653-54. Modiolopsis 
cincinnatiensis, Geol. of O., v. 2, pt. 2, p. 88. Modiolopsis 
concentrica, pp. 86-87. Modiolopsis modiolaris, pp. 83-84. 
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Modiolopsis rhomboidea, Geol. of O., v. 7, pt. 2, p. 560. 
Modiolopsis subrhomboidea, pp. 560-61. Molgophis, Geol. of 
O., v. 2, pt. 2, p. 368. Molgophis brevicostatus, p. 369. 
Molgophis macrurous, p. 368. Molgophis wheatleyi, pp. 369- 
70. Monomerella newberryi, Geol. of O., v. 2, pt. 2, pp. 
131-32. Mytilareca mytiliformis, Geol. of O., v. 7, pt. 2, pp. 
559-60. Mytilarca perearinata, Geol. of O., v. 7, pt. 2, pp. 
422-23. 

Naticopsis zazquistriata, Geol. of O., v. 1, pt. 2, pp. 216-17. 
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pp. 215-16. Naticopsis ortoni, Geol. of O., v. 7, pt. 2, p. 
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gularis, p. 487.  Nautilis (temnocheiius) spectabilis, Geol. of 
O., v. 7, pt. 2, p. 480. Nautilis pauper, p. 481. Nuculites 
(eleidophorus) ferrugineum. Geol. of O.. v. 7, pt. 2, p. 564. Nuc- 
leospira rotundata, Geol. of O., v. 7, pt. 2, p. 413. Nyassa, Geol. 
of O., v. 7, pt. 2. p. 451. Nyassa arguta, p. 451. 
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roceras?) jamesi, p. 546. Orthoceras spyroceroides, pp. 545-46. 
Orthoceras nuntium, pp. 425-26. Orthoceras ortoni, Geol. of 
O., v. 1, pt. 2, pp. 155-56. 

Orthodesma, Geol. of O., v. 2, pt. 2, pp. 93-94. Orthodesma 
contracta, pp. 96-97. Orthodesma curvata, pp. 95-96. Ortho- 
desma parallela, p. 96. Orthodesma recta, pp. 94-95. Ortho- 
desma parvatum, Geol. of O., v. 7, pt. 2, pp. 660-61. Ortho- 
desma subangulatum, p. 660. Orthonema newberryi, Geol. of 
O., v. 1, pt. 2, pp. 217-18. Ortonella, Geol. of O., v. 7, pt. 2, 
pp. 669-70. Ortonella hainesi, p. 670. Palzaster dyeri, Geol. 
of O., v. 1, pt. 2, pp. 58-60. 
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similis, Geol. of O., v. 7, pt. 2, p. 453. Palaopaleamon, Geol. of O., 
v. 7, pt. 2, pp. 460-61. Palsopaleamon newberryi, pp. 461-62. 
Palxophyllum, Geol. of O. v. 2, pt. 2, p. 219. Paleophyllum 
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v. 7, pt. 2, pp. 556-57, 

Pelion, Geol. of O., v. 2, pt. 2, pp. 389-90. Pelion lyellii, 
pp. 390-91. Pentamerus pes-ovis, Geol. of O., v. 7, pt. 2, pp. 
414-15. Pentamerus perigibbosus, Geol. of O., v. 2, pt. 2, pp. 
139-40. Pentamerus (pentamerella) ventricosus, pp. 138-39. 
Pentamerus oblongus, pp. 137-38. Pentremites elegans, Geol. 
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Geol. of O., v. 2, pt. 2, pp. 129-30. Peplorhina, Geol. of O., 
v. 2, pt. 2, pp. 409-10. Peplorhina anthracina, p. 410. 
Petalodus alleghaniensis, Geol. of O., v. 2, pt. 2, pp. 52-53. 

Phacops trisulcatus, Geol. of O., v. 7, pt. 2, pp. 529-30. Phsno- 
pora (ptilodictya) expansa, Geol. of O., v. 2, pt. 2, p. 114. Phil- 
lipsastreea gigas, Geol. of O., v. 2, pt. 2, pp. 241-42. Phillipsia 
(griffithides) lodiensis, Geol. of O., v. 2, pt. 2, pp. 323-25. Phlege- 
thontia, Geol. of O., v. 2, pt. 2, pp. 366-67. Phlegethontia 
linearis, p. 367. Phlegethontia serpens, p. 367. Pholodops 
cincinnatiensis, Geol. of O., v. 1, pt. 2, p. 130. Phragmoceras 
ellipticum, Geol. of O., v. 2, pt. 2, p. 152. Phragmoceras parvum, 
pp. 151-52. Physetomya, Geol. of O., v. 7, pt. 2, p. 693. Physe- 
tomya acuminata, p. 693. Pinna Maxvillensis, Geol. of O., v. 7, 
pt. 2, p. 474. 

Placunopsis recticardinalis, Geol. of O., v. 2, pt. 2, pp. 
331-32. Platyceras dumosus attenuatus, Geol. of O., v. 1, 
pt. 2, pp. 212-13. Platyceras multispinosum, pp. 210-11. 
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minima, p. 669. Psiloconcha sinuata, p. 668. Psiloconcha subova- 
lis, p.666. Psiloconcha subrecta, pp. 667-68. Psiloconcha tenuistri- 
ata, p. 668. Psilonychia, Geol. of O., v. 7, pt. 2, pp. 648-49. 
Psilonychia perangulata, p. 649. 

Pterinea aviculoidea, Geol. of O., v. 7, pt. 2, p. 415. 
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2, pt. 2, pp. 78-79. Pterinea flabella, Geol. of O., v. 
7, pt. 2, pp. 449-50. Pterinea similis, Geol. of O., v. 7, 
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Raphistoma affine, Geol. of O., v. 7, pt. 2, pp. 550-51. 
Receptaculites devonicus, Geol. of O., v. 7, pt. 2, pp. 
419-20. Receptaculites ohioensis, Geol. of O., v. 2, pt. 2, 
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byrnesi, Geol. of O., v. 7, pt. 2, p. 689. Rhytimya compressa,’ p. 
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Saccocrinus tennesseensis, pp. 125-26. Sanguinolites #olus, 
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culopinna) americanus, pp. 337-38. Schizodus medinensis, 
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Stromatopora, Geol. of O., v. 2, pt. 2, pp. 245-46. Stromatopora ’ 
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Syringostroma columnaris, p. 253. Syringostroma densa, pp. 
251-52. 

Technophorus punctostriatus, Geol. of O., v. 7, pt. 2. p. 685. 
Technophorus yoldiiformis, pp. 685-86. Tellinomya eliptica, 
Geol. of O., v. 7, pt. 2, p. 562. Tellinomya (nucula?) 
clintonensis, pp. 563-64. Tellinomya minima, p. 563. Telli- 
nomya socialis, p. 563. Tellinomya levata, Geol. of O., v. 2, pt. 2, 
p. 82. Tellinomya pectunculoides, pp. 81-82. Terebratula 
turgida, Geol. of O., v. 7, pt. 2, p. 473. Tetradium, Geol. of O., 
v. 2, pt. 2, pp. 221-22. Tetradium minus, pp. 222-23. Thyr- 
sidium, Geol. of O., v. 2, pt. 2, p. 365. Thyrsidium fasciculare, 
pp. 365-66. 

Tremanotus alpheus, Geol. of O., v. 2, pt. 2, p. 145. 
Tremanotus trigonostoma, p. 146. Trematis millepunctata, 
Geol. of O., v. 2, pt. 2, p. 70. Trematis punctostriata, pp. 70-71. 
Trematoceras, Geol. of O., v. 7, pt. 2, pp. 426-27. Trematoceras 
ohioense, p. 427. Trimerella grandis, Geol. of O., v. 1, pt. 2, p. 
182. Trimerella ohioensis, pp. 183-85. Triplesia, Geol. of O., 
v. 1, pt. 2, pp. 176-77. Triplesia ortoni, pp. 178-79. Triplesia 
ortoni, pp. 585-90. 

Trochonema pauper, Geol. of O., v. 2, pt. 2, pp. 143-44. 
Trochonema tricarinata Geol. of O., v. 1, pt. 2, pp. 218-19. 
Tuditanus, Geol. of O., v. 2, pt. 2, pp. 391-92. Tuditanus 
brevirostris, pp. 393-94. Tuditanus huxleyi, pp. 397-98. Tudi, 
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tanus longipes, pp. 398-99. Tuditanus mordax, pp. 395-96. 
Tuditanus obtusus, pp. 396-97. Tuditanus punctulatus, pp. 392- 
93. Tuditanus radiatus, pp. 394-95. 

Whitella ohioensis, Geol. of O., v. 7, pt. 2, pp. 678-79. 
Xenophora (pseudophorus) antiqua, Geol. of O., v. 1, pt. 2, pp. 
221-22. Yoldia (paleoneilo) carbonaria, Geol. of O., v. 2, pt. 2, 
p. 336. Yoldia stevensoni, p. 335. Zaphrentis edwardsi, Geol. 
of O., v. 2, pt. 2, p. 235. Zaphrentis multi-lamellata, pp. 236-37. 
Zaphrentis prolifica, pp. 237-38. Zaphrentis wortheni, pp. 235- 
36. Zaphrentis cliffordana, Geol. of O., v. 7, pt. 2, p. 465. Zaph- 
rentis cyathocrinus maxvillensis, pp. 465-66. Zeacrinus merope, 
Geol. of O., v. 2, pt. 2, pp. 178-79. Zeacrinus paternus, pp. 177- 
78. Zeacrinus mooresi, Geol. of O., v. 7, pt. 2, p. 483. Zygospira 
cincinnatiensis, Geol. of O., v. 1, pt. 2, p. 126. Zygospira headi, 
pp. 127-28. Zygospira modesta, pp. 125-26. 

Sec also Brachiopoda; Cephalopoda; Crustacca Echinoderma; 
Fishes; Gasteropoda Lamellibranchiata; names of rock formations. 


Palmer Block Machine. Eno. Palmer block machine for concrete 
block. O. Geol. Sur., Bull. No. 2, pp. 239-40. 


Eno. Use of Palmer blocks in house construction. O. Geol. 
Sur., Bull. No. 2, pp. 74-78. 





Partings. Orton. Partings of Ohio coal fields. Geol. of O., v. 5, pp. 
140-41. 


Patents. Peppel. Description and discussion of patents on lime- 
hydrating processes and apparatus. O. Geol. Sur., Bull. No. 4, 
pp. 322-27. 


Peppel. Patents for processes of manufacture of sand-lime brick. 
QO. Geol. Sur., Bull. No. 5, pp. 71-79. 





Paulding County. Bowhocker. Oil production. O. Geol. Sur., Bull. 
No. 1, p. 100. 

Orton, Jr., and Peppel. Limestone formations of, important for 
lime industries. O. Geol. Sur., Bull. No. 4, p. 135. 

Winchell. Geology. Geol. of O., v. 2, pt. 1, pp. 335-51. Geo- 
logic map, 12.6x9.9 cm. 











Winchell. Topography. Geol. of O., v. 2, pt. 1, pp. 335-36. 


Paving Brick. Orton, Jr. Manufacture in Ohio. Geol. of O., v. 7, pp. 
129-208. 

Orton, Jr. Tests of Ohio paving materials. Geol. of O., v. 7. 
pp. 192-206. 
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Peat. Hussey. Peat beds in Shelby county. Geol. of O., v. 3, pp. 
453-55. 


Mather. Peatin Ohio. An. Rep., v. 1, 1837, pp. 10-11. 


Newberry. Peat bogs in Summit county. Geol. of O., v. 1, pt. 1. 
pp. 206-07. 


Read. Peat in Trumbull county. Geol. of O., v. 1, pt. 1, p. 509. 


Peekskill Tunnel. Eno. Use of concrete for lining. O. Geol. Sur., Bull. 
No. 2, pp. 104—06. 

Pentamerus Limestone. Orton. Fossils. Rep. Prog. 1870, pp. 279-82. 

Orton. Pentamerus limestone in Highland county. Rep. Prog. 

1870, pp. 277-82. 


Peppel, Samuel Vernon. The manufacture of artificial sandstone or 
sand-lime brick. O. Geol. Sur., Bull. No. 5, 79 p., Springfield 




















Ohio, 1905. 

The uses of limestone in Ohio. O. Geol. Sur., Bull. No. 4, pp. 
212-48. . 

The technology of the lime industry. O. Geol. Sur., Bull. No. 4, 
pp. 249-369. 


Peppel, S. V., and Orton, Edward, Jr. Lime resources of Ohio available for 
Portland cement manufacture. O. Geol. Sur., Bull. No. 3, pp. 
88-97. 

Limestones and lime industry in Ohio. O. Geol. Sur., Bull. No. 
4,365 pp. Springfield, Ohio, 1906. 


Permian System. Newberry. Geol. of O., v. 1, pt. 1, p. 80. 
Prosser. Discussion of the boundaries of the Permian in Ohio 
geological scale. O. Geol. Sur., Bull. No. 7, pp. 5-7. 








Perry County. Bownocker. Oil and gas production. O. Geol. Sur., 
Bull. No. 1, pp. 257-65. 

Hildreth. Geology. Ann. Rep., v. 1, 1837, pp. 25-54. 

Orton. Coal mines in North and Central townships. Geol. of O., 

v. 5, pp. 884-908. Bearfield township, pp. 901-02. Clayton 

township, pp. 893-94. Harrison township, pp. 891-93. Jackson 

township, pp. 905-08. Madison township, pp. 889-91. Pike 

township, pp. 899-901. Pleasant township, pp. 902-05. 

Orton. Deep wells, explorations for oil and gas. Geol. of O., 

v. 6, pp. 388-89. 

Orton. Geological structure. Geol. of O., v. 5, pp. 884-85. 

Orton. Iron ores. Geol. of O., v. 5, pp. 402-04. 

Orton, Jr., and Peppel. Composition of limestones of, with ref- 

erence to their fitness for portland cement. O. Geol. Sur., Bull. 

No. 4, pp. 111-115. 
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Petroleum. Orton. Findlay oil field. Geol. of O., v. 6, pp. 150-54. 
Orton. Gas and oil wells in northwestern Ohio. Geol. of O., 
v. 6, pp. 182-254. 

Orton. Geology of Ohio considered in its relations to petroleum 
and natural gas. Geol. of O., v. 5, pp. 1-50. 


Orton. Lima oil field. Geol. of O., v. 6, pp. 165-182. 

Orton. Modes of accumulation of petroleum and natural gas, 
Geol. of O., v. 6, pp. 83-96. Rep. 1890, pp. 86-89. 

Orton. Ohio shale as source of oil and gas. Prelim. Rep. on 
petroleum and inflammable gas, 1887, pp. 90-96. Edition 1886, 
pp. 62-66. Geol. of O., v. 6, pp. 410-42. Rep. 1892, pp. 248-49. 
Orton. Oil and gas in central and southwestern Ohio. Geol. of 
O., v. 6, pp. 254-310. 

Orton. Oil production of the field in Trenton limestone. Prelim. 
Rep. on petroleum and inflammable gas, 1887, pp. 158-59. 

Orton. Oil production of the Trenton limestone, 1888-90. Rep. 
1890, pp. 194-226, 305-15. 

Orton. Report on petroleum and natural gas. .Prelim. Rep. on 
petroleum and inflammable gas, 1887, pp. 5-179. Rep. 1886, pp. 
6-73. 

Orton. Supplemental report on the new gas fields and oil fields 
of Ohio. Geol. of O., v. 6, pp. 783-92. 

Orton. Theories of origin of petroleum and natural gas. Geol. 
of O., v. 6, pp. 61-83. Rep. 1890, pp. 54-104. - 

Orton. Trenton limestone as a source of petroleum and high 
pressure gas. Prelim. Rep. on petroleum and inflammable gas, 
1887, pp. 45-79. Rep. 1886, pp. 30-54. 

Orton. Trenton limestone as a source of oil and gas in Ohio. 
Geol. of O., v. 6, pp. 101-310. Rep. 1890, pp. 105-226. 


Orton. Wood county oil field. Rep. 1890, pp. 305-15. 
Read. Petroleum and gas in Knox county. Geol. of O., v. 3, 





















































pp. 340-47. 

Wheat. Petroleum and gas in Medina county. Geol. of O., v. 3. 
pp. 372-73. 

Winchell. Gas wells in Hancock county. Geol. of O., v. 2, pt. 1, 
pp. 366-67. 


Sce also names of oil and gas fields. 


Philadelphia Road Pool. Bownocker. Wells in Harrison county. 
O. Geol. Sur., Bull. No. 1, p. 240. 


Phosphorus Ore—Hamden Furnace. Orton. Phosphorus ore in Hang- 
ing Rock district. Geol. of O., v. 5, pp. 431-32. 
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Plain City. Orton. Deep wells, explorations for natural gas in Clinton 
limestone. Rep. 1890, p. 246. 


Plaster. Eno. Cement mortar used for plastering. O. Geol. Sur., 
Bull. No. 2, pp. 46-48. 


Peppel. Preference for dolomite lime in brick laying and plaster- 
ing. O. Geol. Sur., Bull. No. 4, pp. 255-56. 





Pleistocene. Bleininger. Glacial clays suitable for cemennt making. 
O. Geol. Sur., Bull. No. 3, pp. 82-83. 


Hill. Drift in Champaign county. Geol. of O., v. 3, pp. 493-94. 
Hussey. Drift in Miami county. Geol. of O., v. 3, pp. 473-77. 
Hussey. Drift in Shelby county. Geol. of O., v. 3, pp. 458-64. 


Lindemuth. Drift in Darke county. Geol. of O., v. 3, pp. 499- 
509. 


Newberry. Drift in Ohio. Geol. of O., v. 3, pp. 32-51. 


Newberry. Pleistocene geology of Ohio. Geol. of O., v. 2, pt. 1. 
p. 180. 


Orton. Drift beds in Butler county. Geol. of O., v. 3, pp. 394- 
99. 


Orton. Drift in Franklin county. Geol. of O., v. 3, pp. 643-46. 
Orton. Drift in Madison county. Geol. of O., v. 3, pp. 423-27. 
-Orton. Drift deposits in Ohio. Geol. of O., v. 6, pp. 772-82. ... 
Orton. Drift in Preble county. Geol. of O., v. 3, pp. 411-15. 

Orton. Glacial drift in Ohio. Geol. of O., v. 6, p. 44. Same, Rep. 





















































1890, p. 45. | 

Read. Surface deposits in Ashland county. Geol. of O., v. 3, 
pp. 520-22. 

Read. Surface deposits in Huron county. Geol. of O., v. 3. 
pp. 290-99. 

Read. Surface deposits in Knox county. Geol. of O., v. 3, pp. 
325-33. 

Read. Surface deposits in Licking county. Geol. of O., v. 3, pp. 
349-52. 

Read. Surface deposits in Richland county. Geol.’of O., v. 3. 
pp. 312-14. 


See also Drift; Glacial Geology; Marl; Peat; Quaternary System. 


Plumb Run Oil Pool. Bownocker. Wells in Harrison county. O. 
Geol. Sur., Bull. No. 1, p. 240. 


Polyzoa. Nicholson. Polyzoa from the Silurian. Geol. of O., v. 2, pt. 
2, pp. 259-68. 
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Portland Cement. Bleininger. Compounding of portland cement. O. 
Geol. Sur., Bull. No. 3, pp. 223-47. 
Bleininger. Constancy of volume. O. Geol. Sur., Bull. No. 3, 
pp. 351-56. 
Bleininger. Corrections of the cement composition. O. Geol. 
Sur., Bull. No. 3, pp. 246-47. . 
Bleininger. Cost of manufacture. O. Geol. Sur., Bull. No. 3, 
pp. 327-31. 
Bleininger. Definition of portland cement. O. Geol. Sur., 
Bull. No. 3, p. 26. 
Bleininger. Effect of various reagents. O. Geol. Sur., Bull. No. 
3, pp. 362-63. 
Bleininger. Enduring qualities. O. Geol. Sur., Bull. No. 3, pp. 
363-67. | 
Bleininger. Experimental apparatus for portland cement burn- 
ing. O. Geol. Sur., Bull. No. 3, pp. 242-46. | 
——— Bleininger. Fineness of the grain. O. Geol. Sur., Bull. No. 3, 
p. 360. 
— — -Bleininger. Hydration of. O. Geol. Sur., Bull. No. 3, pp. 336-38. 
Bleininger. Nature of portland cement. O. Geol. Sur., Bull. 
No. 3, pp. 197-222. 
Bleininger. Ohio portland cement works. O. Geol. Sur., Bull. 
No. 3, pp. 331-353. 
Bleininger. Properties of portland cement. O. Geol. Sur., Bull. 
No. 3, pp. 336-67. 
Bleininger. Raw materials of the portland cement industry. 
O. Geol. Sur., Bull. No. 3, pp. 55-101. 
Bleininger. Review of the investigations on the constitution of 
portland cement. O. Geol. Sur., Bull. No. 3, pp. 199-222. 
Bleininger. Setting and hardening. O. Geol. Sur., Bull. No. 3, 
pp. 338-42. 
———Bleininger. Specific gravity. O. Geol. Sur., Bull. No. 3, pp. 
3356-60. 
Bleininger. Tensile and erushing strength. O. Geol. Sur., Bull. 
No. 3, pp. 342-51. 
‘Ino. First portland cement in U.S. . O. Geol. Sur., Bull. No. 2, 
pp. 21-22. 
-—- —Eno. Tests for portland cement used in conerete work. O. | 
Geol. Sur., Bull. No. 2, p. 190. 
See also Cement; Roman Cement. 















































Portland Cement Analysis. Lord. Portland cement. Geol. of O., v. 6. 
pp. 685, 7S6. 
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Pozzuolane Cements. Bleininger. Raw materials for pozzuolane 
cement. QO. Geol. Sur., Bull. No. 3, pp. 41-52. 


Pozzuolane Cement Analyses. Composition of pozzuolane cement. O. 
Geol. Sur., Bull. No. 3, p. 42. 


Prairies. Klippart. Prairies of Maumee valley. Rep. Prog. 1870, pp. 
345-47. 

Newberry. Origin of prairies in Ohio. Geol. of O., v. 1, pt. 1, 
pp. 26-31. 





Preble County. Locke. Geology of Preble and Montgomery counties. 
Ann. Rep., v. 2, 1838, pp. 223-36. 


Orton. Geology. Geol. of O., v. 3, pp. 404-419. Geologic map, 
9.5x13.6 cm. 

Orton. Lime production. Geol. of O., v. 6, pp. 724-26. 
Orton. Oil and gas wells. Geol. of O., v. 6, pp. 284-85. 
Orton. Topography. Geol. of O., v. 3, pp. 404-05. 


Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to fitness for portland cement. QO. Geol. Sur., Bull. No. 
4, pp. 115-19. 

















Presses. .Peppel. Presses in use in manufacture of sand-lime brick. 
O. Geol. Sur., Bull. No. 5, pp. 23, 64-70. 


Pressing. Peppel. Pressing of the materials used in manufacture of 
sand-lime brick. QO. Geol. Sur., Bull. No. 5, pp. 42-46. 


Prison Cells. Eno. Use of steel concrete for prison cells. O. Geol. 
Sur., Bull. No. 2, p. 179. 


Producer Gas. VPeppel. Use of producer gas in lime burning in Ohio. 
O. Geol. Sur., Bull. No. 4, pp. 276-289. 


Prosser, Charles S. Revised nomenclature of the Ohio geological for- 
mations. O. Geol. Sur., Bull. No. 7, xvi+36 p. Springfield, 
Ohio, 1905. 


Pteropoda, see Paleontology—Genera and Species. 


Purifying Agents. Pcppel. Use of hydrated lime as a purifying agent. 
O. Geol. Sur., Bull. No. 4, p. 244. 


Putnam County. Bownocker. Oil production. O. Geol. Sur., Bull. 

No. 1, p. 100. Geologie map, Putnam and other counties, show- 

ing oil and gas territories, 30.7x21 em., opp. p. 80. 

‘Orton. Gas wells. Rep. 1890, pp. 192-94. 

——Orton, Jr., and Peppel. Limestone formations in, important for 
lime industries. OÖ. Geol. Sur., Bull. No. 4, p. 135. 
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Ransome System. Eno. Ransome system of reinforced concrete con- 
struction. ©. Geol. Sur., Bull. No. 2, p. 135. 


Raw Materials. Peppel. Raw materials used in manufacture of sand- 
lime brick. O. Geol. Sur., Bull. No. 5, p. 24. 


Raymond Pile. Eno. Raymond pile in building. O. Geol. Sur., Bull. 
No. 2, p. 173. 


Read, M. C. Geology of Ashland, Wayne and Holmes counties. Geol. 
of O., v. 3, pp. 519-61. 

Geology of Ashtabula, Trumbull, Lake and Geauga counties. 
Geol. of O., v. 1, pt. 1, pp. 483-533. 

Sketches of the geology of Geauga and Holmes counties. Rep. 
Prog. 1870, pp. 465-84. 

Geology of the Hocking valley coal field. Geol. of O., v. 3, pp. 
647-715. 

Geology of Huron, Richland, Knox and Licking counties. Geol. 
of O., v. 3, pp. 289-361. 














Reaney Hydrator. ]P’eppel. Illustration and description of the Reaney 
hydrator. O. Geol. Sur., Bull. No. 4, pp. 331-32. 


Reinforced Concrete. Fino. Early use. O. Geol. Sur., Bull. No. 2, pp. 
124-25. 
Eno. Recent uses. O. Geol. Sur., Bull. No. 2, pp. 125-26. 


Eno. Use of cement in reinforced concrete construction. O. 
Geol. Sur., Bull. No. 2, pp. 124-88. 








Reinforced Concrete Systems. Fino. Descriptions of different systems 
of reinforced conerete. O. Geol. Sur., Bull. No. 2, pp. 131-39. 


Reptiles. Kirtland. Catalogue of mammals, birds, reptiles, ete. in Ohio. 
Ann. Rep., v. 2, 1838, pp. 167-68. 

—— — -Kirtland. Notes and observations. Ann. Rep., v. 2, 1838, pp. 

188 -90. 

Smith. Report on the reptiles and amphibia in Ohio. Geol. of 

O., v. 4, pp. 633-700. 

Smith. Tabular list of the reptilia and amphibia in Ohio. Geol. 

of O., v. 4, pp. 732-34. 








Reptiles. (ienera and species. Geol. of O., v. 4, pp. 650-99. Amyda 
mutica, pp. 667-68. Ancistrodon contortrix, pp. 675-76. Aromo- 
ehelys odoratus, pp. 666-67. Aspidoneetes spinifer, pp. 668-69. 
Bascanion constrictor, pp. 693-94. Carphophis amoenus, pp. 698— 
99. Chelopus inseulpus, pp. 658-59. Chelvdra serpentina, pp. 656— 
57. Chrysemys marginata, pp. 664-65. Chrysemys picta, pp. 663— 
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Ridges. Winchell. Drift ridges in Defiance county. Geol. of O., v. 2, 
pt. 1, pp. 431-34. 


Road Foundations. Eno. Specifications for concrete road foundations 
as used in Columbus, O. O. Geol. Sur., Bull. No. 2, pp. 215-16. 


Eno. Specifications for concrete road foundations in use in 
Peoria, Ill. O. Geol. Sur., Bull. No. 2, p. 220. 





Ino. Specifications for concrete road foundations in use in 
Washington, D.C. O. Geol. Sur., Bull. No. 2, pp. 217-19. 


Roads. Eno. Concrete for road foundations. O. Geol. Sur., Bull. No. 
2, pp. 110-11. 





Robinson, S. W. Measurement of gas wells and other gas streams and 
the piping of natural gas. Geol. of O., v. 6, pp.548-94. 
Measurements of natural gas, including gas wells, pipe lines, service 
pipes, etc. Rep. 1890, pp. 281-305. 





Rock-aggregate. Bleininger. Light colored and ferruginous rock- 
aggregate as component of cement clays. O. Geol. Sur., Bull. No. 
3, pp. 68-69. 


Rock Crushers. Eno. Rock crushers used in making concrete and 
mortar. OQ. Geol. Sur., Bull. No. 2, pp. 223-25. 


Rocks. Winchell. General section of rocks in Paulding and Defiance 
counties. Geol. of O., v. 2, pt. 1, pp. 341-45. 


Roebling’s System. Eno. Roebling’s system of reinforced concrete. 
O. Geol. Sur., Bull. No. 2, pp. 131-33. 


Rolls. Bleininger. Machinery used in cement grinding. O. Geol. Sur., 
Bull. No. 3, pp. 259-66. 


Roman Cement. Bleininger. Investigations of the burning process in 
cement manufacture. O. Geol. Sur., Bull. No. 3, pp. 175-87. 
Bleininger. Manufacture of natural cement. O. Geol. Sur., Bull. 
No. 3, pp. 173-96. 

Bleininger. Raw materials of Roman cement. O. Geol. Sur., 
Bull. No. 3, pp. 52-55. 








Roman Cement Analyses. Bleininger. Roman cements. O. Geol. Sur., 
Bull. No. 3, p. 54. 


Roman Cement Tests. Bleininger. Standard test. O. Geol. Sur., Bull. 
No. 3, pp. 193-94. 


Roof. Orton. Roof of Ohio coal seams. Geol. of O., v. 5, pp. 141-42. 


Roofs. Eno. Use of steel concrete for roofs. O. Geol. Sur., Bull. No. 
2, pp. 148-51. 
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Roofing tile. Orton, Jr. Manufacture of, in Ohio. Geol. of O., v. 5, 
pp. 706-08. 


Root, W. J. Manufacture of salt and bromine. Geol. of O., v. 6, pp. 
653-70. 


Ross County. Orton. Geology. Geol. of O., v. 2, pt. 1, pp. 542-58. 
Geologic map, Highland, Ross and Pike counties, p. 611. 


Orton. Topography. Geol. of O., v. 2, pt. 1, pp. 642-43. 


Rotary Kiln. Bleininger. Use of rotary kiln in burning of Portland 
cement. O. Geol. Sur., Bull. No. 3, pp. 288-309. 


Roy, Andrew. Coal mining in Ohio. Geol. of O., v. 5, pp. 301-70. 





St. Marys Gas Field. Bownocker. Gas and Oil in Trenton limestone. 
O. Geol. Sur., Bull. No. 1, pp. 47-50. 


Salina Group. Newberry. Salina group of Cincinnatiarch. Geol. of O., 
v. 1, pt. 1, pp. 132-35. 

Newberry. Salina group in Erie county. Geol. of O., v. 2, pt. 1, 

p. 194. 

Newberry. Salina group iin Ohio. Rep. Prog. 1869, pp. 15-16. 

Newberry. Salina in Ohio. Geol. of O., v. 1, pt. 1, p. 63. 

Newberry. Salinain Ohio. Geol. of O., v. 3, pp. 8-9. 

Orton. Salina group in Ohio. Geol. of O., v. 7, pp. 13-14. 


Winchell. Salina shale in Ottawa county. Geol. of O., v. 2, pt. 1, 
p. 230. 


Winchell. Salinain Wood county. Geol. of O., v. 2, pt. 1, p. 374. 
Salines, see Salt. 























Salt. Andrews. Salt in the Duck Creek valley. Rep. Prog. 1869, pp. 

127-28. 

Andrews. Salt in the 2d geological district. Rep. Prog. 1869, 

pp. 133-34. 

Andrews. Salt production in 2d geologieal district. Rep. Prog. 

1870, pp. 234-35. 

Andrews. Salt in the 2d veological district. Geol. of O., v. 2, 

pt. 1, pp. 599-600. 

Andrews. Salt in Washington county. Geol. of O., v. 2, pt. 1 

p. 487. j 

—— Bownocker. Early history of salt and salt making in Ohio. O. 
Geol. Sur., Bull. No. 8, pp. 9-12; production of salt in Ohio from 
1882, compared with that of United States, p. 17. 


Bownocker. Salt deposits and the salt industry in Ohio. O. 
Geol. Sur., Bull. No. 8.) pp. xvı and 42. 
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Salt. Briggs. Salines in the region between the Scioto and Hockhock- 
ing rivers. Ann. Rep., v. 1, 1837, pp. 94-96. 


Foster. Salt springs and salt wells in Muskingum, Licking and 
Franklin counties. Ann. Rep., v. 2, 1838, pp. 94-99. 


Hildreth. Early history of salt manufacture. Ann. Rep., v. 1. 
1837, pp. 54-55. 

Hildreth. Early legislation on. Ann. Rep. v. 1, 1837, p. 58. 
Hildreth. Delaware salines. Ann. Rep., v. 1, 1837, pp. 1-10. 
Hildreth. Gallipolis salines. Ann. Rep., v. 1, 1837, p. 59. 
Hildreth. Hockhocking valley salines. Ann. Rep., v. 1, 1837, pp. 


























60-61. 

Hildreth. Leading Creek salines. Ann. Rep., v. 1, 1837, pp. 59- 
60. 

Hildreth. Muskingum salines. Ann. Rep., v. 1, 1837, pp. 59, 61- 
62. 


-— Hildreth. Scioto salines. Ann. Rep., v. 1, 1837, p. 57. 

Hildreth. Salt producing rocks. Ann. Rep., v. 1, 1837, pp. 55-56. 
———Hildreth. Salt springs in Ohio. Ann. Rep., v. 1, 1837, pp. 54- 
62. 

Hildreth. Salt water and salt. Exec. Docs. 1836, Rep. No. 1, 
pp. 73-76. 











Newberry. Salt wells in Columbiana county. Geol. of O., v. 3, 
pp. 116-18. 


Newberry. Salt in Tuscarawas county. (Ceol. of O., v. 3, p. 84. 
Read. Salt in Hocking Valley. Geol. of O., v. 3, pp. 713-14. 
Root. Manufacture in Ohio. Geol. of O., v. 6, pp. 653-667. 


Winchell. Salt wells in Morrow county. Geol. of O., v. 2, pt. 1, 
p. 270. 














Salt Analyses. Salt in Ohio. Geol. of O., v. 6, pp. 662-63. 


———Bownocker. Methods of analysis of salt and brines used in the 
report. Q. Geol. Sur., Bull. No. 8, pp. 41-42. 


—— Foulk. Composition of salt made in northeastern Ohio. O. 
Geol. Sur., Bull. No. 8, p. 38: from Pomeroy region, Meigs county, 
pp. 27-28: samples of salt brine from Union Salt Company, 
Cleveland, p. 38. 





Lord. Salt seam at Newburg, Cuyahoga county. Geol. of O., 
v. 6, p. 353. 

Wormley. Table of Analyses of Salt. Geol. of O., v. 2, pt. 1, pp. 
601 -02. 
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Salt Manufacture. Bownocker. Methods of manufacture in use in 
Excelsior Works, Pomeroy, Ohio. O. Geol. Sur., Bull. No. 8, 
pp. 20-22; methods in use in northern Ohio, pp. 28-38; methods 
in use by Ohio Salt Company, Wayne county, pp. 32-34; methods 
in use at Wadsworth Salt Works, pp. 28-30. 


Saluda Bed. Prosser. Discussion of position and name of this member 
in revised geolozical scale of Ohio. O. Geol. Sur., Bull. No. 7, 
pp. 31-33. 


Sand. Bleininger. Sandstone and sand in cement making. O. Geol. 
Sur., Bull. No. 3, pp. 83-85. 

———Eno. Effects of various sands upon mortar. O. Geol. Sur., Bull. 

No. 2, pp. 27-30. 

Eno. Specifications for sand used in concrete work. O. Geol. 

Sur., Bull. No. 2, p. 190. 

Newberry. Delta sand in Cuvahoga county. Geol. of O., v. 1, 

pt. 1, pp. 177-78. 

Peppel. Preparation of the sand used in manufacture of sand- 

lime brick. ©. Geol. Sur., Bull. No. 5, pp. 38-39. 

Peppel. Sand used in the manufacture of sand-lime brick. OQ. 

Geol. Sur., Bull. No. 5, pp. 24-30. 

Tables showing cffect. of use of fine and coarse sand in experi- 

mental manufacture of sand-lime brick. O. Geol. Sur., Bull. No. 

5, pp. 26, 27, 29. 

See also Pleistocene. 

















Sand Hill Oil Pool. Bownocker. Wells in Marietta township, Washing- 
ton county. QO. Geol. Sur., Bull. No. 1, pp. 180-81. 


Sand-Brick Filler, Peppel. Sand-briek with exclusively carbonate 
filler. ©. Geol. Sur., Bull. No. 5, p. 18; with hydro-silicate filler, 
pp. 19-22; with partly carbonate and partly silicate filler, pp. 18- 
19. 


Sand-lime Brick. Peppel. Comparison of sand-lime brick with natural 
stone to show various properties. O. Geol. Sur., Bull. No. 5, pp. 
59-60. 

Peppel. History and description of the industry. ©. Geol. Sur., 

Bull. No. 5. pp. 17-23. 

Peppel. Manufacture of artificial sandstone or sand-lime brick: 

O. Geol. Sur., Bull. No. 5, p. 79. 

Peppel. Mechanical equipment for manufacture. ©. Geol. Sur., 

Bull. No. 5, pp. 61 70. 


Peppel. Pressing and hardening rouluct in Manuiacture of 
sand-lime brick. ©. Geol. Sur., No. 5, py, FE 
ull.’ v 
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Sand-lime Brick. Peppel. Processes and patents on manufacturing 
processes of sand-lime brick. O. Geol. Sur., Bull. No. 5, pp. 
71-79. 

Peppel. Properties of sand-lime brick. O. Geol. Sur., Bull. No. 
5, pp. 93-60. 

Peppel. Raw materials, their impurities and their preparation. - 
O. Geol. Sur., Bull. No. 5, pp. 24-41. 

Peppel. Tables of tests showing properties of sand-lime brick 
which make them commercially valuable. O. Geol. Sur., Bull. 
No. 5, pp. 54-57. 


Sand-lime Reaction. Peppel. Determination. of soluble silica. O. 
Geol. Sur., Bull. No. 5, p. 26. ° 


Sandstone. Quarriesin Ohio. Geol. of O., v. 5, pp. 578-607. 

Andrews. Logan sandstone of the Hocking Valley. Geol. of O., v. 3, 

p. 816. 

Andrews. Quarries in Fairfield county. Geol. of O., v. 2, pt. 1, 

p. 594. 

Bleininger. Sandstone and sand in cement making. O. Geol. 

Sur., Bull. No. 3, pp. 83-85. 

—-——Bownocker. Berea as gas sandstone in McConnellsville gas field. 
O. Geol. Sur., Bull. No. 1, p. 147; oil and gas producing sand- 
stone in Ohio, pp. 26-30; oil sand in Buck Run oil field, p. 143: 
oil sands in Cow Run field, Washington county, p. 170; oil sand- 
stones in Macksburg field, Washington county, pp. 157-59, 162- 
64; oil sand in Moore’s Junction field, Washington county, pp. 
175-76; oil sands in Moose Ridge pool, Monroe county, pp. 205- 
06; oil sandstone in Morgan county, pp. 137-38; oil sands in 
Newell’s Run oil pool, pp. 184-85; oil sands in Sistersville pool 
field, Monroe county. pp. 197-99; oil sands in Whitacre pool, 
Monroe county, p. 207. 

Briggs. Sandstones in Ilocking and Athens counties. Ann. 

Rep., v. 2, 1838, pp. 132-35. 

Briggs. Sandstones in Tuscarawas county. Ann. Rep., v. 2, 

1838, pp. 146-47. 

Foster. Fine-grained sandstone in Muskingum, Licking and 

Franklin counties. Ann. Rep., v. 2, 1838, pp. 103-05. 

Foster. Sandstones in Muskingum, Licking and Franklin coun- 

ties. Ann. Rep., v. 2, 1838, p. 94. 

Hildreth. Fine-grained sand rocks. Exee. Docs. 1836, Rep. No. 

1, pp. 74-75. 

—— —[Iildreth. Sand rock in southeastern and northeastern Ohio. An 
Rep., v. 1, 1837, pp. 36-37, 44-53. 
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Sandstone. Locke. Quarries in Scioto county. Ann. Rep., v. 2, 1838, 
pp. 263-66. 


Lovejoy. Sandstone in Pomeroy and Federal creek coal field. 
Geol. of O., v. 6, pp. 635-36. 


Mather. Sandstone in Ohio. Ann. Rep., v. 1, 1837, pp. 9-10. 
Orton. Hillsboro sandstone in Highland county. Rep. Prog. 
1870, pp. 283-87. 

Orton. Quarries in Pike county. Geol. of O., v. 2, pt. 1, pp. 621-23. 
-—_——Orton. Sandstones as reservoirs for petroleum and natural gas. 
Geol. of O., v. 6, pp. 84-86. 

Orton. Sylvania sandstone. Geol. of O., v. 6, pp. 18-20. Same 
Rep. 1890, pp. 23-24. 

Peppel. Comparison of sand-lime brick with natural stone to 
show various properties. O. Geol. Sur., Bull. No. 5, pp. 59-60. 
Read. Quarriesin Ashland county. Geol. of O., v. 3, pp. 526-27. 
Read. Quarries in Huron county. Geol. of O., v. 3, pp. 301-02, 
304. 

Read. Sandstone in Richland county. Geol. of O., v. 3, pp. 
321-22. 

Read. Waverly sandstone in Ashland county. Geol. of O., v. 3, 
pp. 525-27. 

Winchell. Quarries in Delaware county. Geol. of O., v. 2, pt. 1, 
pp. 276-82. 

Winchell. Quarries in Morrow county. Geol. of O., v. 2, pt. 1, 
pp. 257-63. 

See also Calciferous Sand Rock. 

Sandstone, artificial, see Sand-Lime Brick. 


Sandusky County. Bownocker. Geology. O. Geol. Sur., Bull. No. 1, 
pp. 73-76. 

Bownocker. Oil production. O. Geol. Sur., Bull. No. 1, pp. 

71-76. Geological map, Sandusky and other counties, showing 

oil and gas territories, 18x26.5 em., opp. p. 56. Oil production, 

pp. 71-76. Jackson township. p. 73. Madison township, p. 72 









































Rice township, p. 73. Scott township, p. 72. Washington town- 
ship, pp. 72-73. Woodville township, pp. 71-72. 

——Orton. Gas wells. Rep. 1800, pp. 173-74. 

——Orton. Lime production. Geol. of 0., v. 6, pp. 737-38. 

= Orton. Oil wells. Rep. 1890, pp, 228 26. 

———Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence ty fitness for portland ent. © Geel Sur, Bull. No. 
4, pp. 119-21. 
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Sandusky County. Riddell. Geology of Sandusky, Wood and Lucas 
counties. O. Exec. Docs. 1836, Rep. No. 60, pp. 19-23. 
Winchell. Geology. Geol. of O., v. 1, pt. 1, pp. 593-610. Geo- 
logical map (colored), 21.3x12.2 cm. 

Winchell. Topography. Geol. of O., v. 1, pt. 1, pp. 593-95. 








Scio Oil Pool. Bownocker. Wells in Harrison county. O. Geol. Sur., 
Bull. No. 1, pp. 233-40. 


Scioto County. Andrews. Geology. Rep. Prog. 1870, pp. 163-77. 
Bloom township, pp. 165-68. Clay township, pp. 172-73. Har- 
rison township, pp. 163-65. Madison township, p. 163. Porter 
township, pp. 168-72. Vernon township, pp. 173-77. 

Briggs. Coal. Ann. Rep., v. 1, 1837, pp. 86-87. 

Briggs. Geology. Ann. Rep., v. 1, 1837, pp. 71-98. 

Briggs. Iron manufacture. Ann. Rep., v. 1, 1837, pp. 89-92. 

Briggs. Iron ores. Ann. Rep., v. 1, 1837, pp. 88-89. | 

Locke. Geology. Ann. Rep., v. 2, 1838, pp. 256-66. 

Orton. Coal mines. Geol. of O., v. 5, pp. 1034-46. 

Orton. Deep wells, explorations for oil and gas. Geol. of O., 

v. 6, p. 395. 

Orton, Jr., and Peppel. Composition of limestones of, with ref- 

erence to fitness for portland cement. O. Geol. Sur., Bull. No. 

4, pp. 122-23. 

Orton, Jr., and Peppel. Occurrence of Ferriferous limestone in. 

O. Geol. Sur., Bull. No. 4, pp. 179-80. 





























Scioto Lime and Stone Company. Peppel. Description and plans of 
typical lime manufacturing establishments in Ohio. O. Geol. 


Sur., Bull. No. 4, pp. 351-54. 


Screens. Eno. Screens for stone in concrete making. O. Geol. Sur., 
Bull. No. 2, p. 225. 


Sea Walls. Eno. Concrete used for sea walls. O. Geol. Sur., Bull. No, 
2, pp. 82-84. 


Seneca County. Bownocker. Geology. O. Geol. Sur., Bull. No. 1, 
p. 78. 

Bownocker. Oil production. O. Geol. Sur., Bull. No. 1, pp. 
76-78. Clinton township, pp. 76-77. Hopewell township, pp. 
76-77. Jackson township, p. 77. Liberty township, p. 77. 
Geologie map, Seneca and other counties, showing oil and gas 
territories. 18x26.5 cm., opp. p. 56. 

Orton. Gas wells. Rep. 1890, pp. 186-192. 
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Seneca County. Orton. Oil wells. Rep. 1890, pp. 222-23. 

Orton. Lime production. Geol. of O., v. 6, pp. 738-39. 
Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to fitness for portland cement. O. Geol. Sur., Bull. No. 4, 
pp. 124-125. ’ 

Riddell. Geology of Hancock and Seneca counties. O. Exec. 
Docs. 1836, Rep. No. 60, pp. 18-19. 

Winchell. Geology. Geol. of O., v. 1, pt. 1, pp. 612-24. Geo- 
logic map (colored), 21.3x12.2 cm. 

Winchell. Topography. Geol. of O., v. 1, pt. 1, pp. 611-12. 

















Seneca White Lime Company. Peppel. Description and plans of 
typical lime manufacturing establishments in Ohio. QO. Geol. 
Sur., Bull. No. 4, pp. 343-50. 


Serpents, see Reptiles. 


Sewer Pipe. Orton, Jr. List of factories. Geol. of O., v. 7, pp. 215-16. 


Orton, Jr. Manufacture of sewer pipe in Ohio. Geol. of O., v. 5, 
pp. 711-17; v. 7, pp. 209-17. 





Sewers. Eno. Steel concrete in sewer construction. O. Geol. Sur., 
Bull. No. 2, pp. 167-69. 

Eno. Use of concrete for sewer construction. O. Geol. Sur., 
Bull. No. 2, pp. 90-93. 





Shade Creek Field. Lovejoy. Shade creek division of Pomeroy and 
Federal creek coal field. Geol. of O., v. 6, pp. 642-45. 


Shales. Andrews. Ohio black slate or Huron shale. Rep. Prog. 1870, 
pp. 58-59. 

Bleininger. Shales for cement making. O. Geol. Sur., Bull. No. 
3, pp. 74-79. 

Briggs. Shales in Hocking and Athens counties. Ann. Rep., 
v. 2, 1838, pp. 137-38. 

Briggs. Shales in Scioto, Lawrence, Gallia, etc., counties, Ann. 
Rep., v. 1, 1837, pp. 77-79, 81. 

Briggs. Shales in Tuscarawas county. Ann. Rep., v. 2, 1838. 
pp. 148-49. 

Foster. Shales in Muskingum, Licking and Franklin counties. 
Ann. Rep., v. 2, 1838, pp. 105-06. 

Hildreth. Shale and slaty clay in southeast and northeast Ohio. 
Ann. Rep., v. 1, 1837, pp. 36-37, 39-40, 45-46, 48-53. 
Newberry. Cuyahoga shale. Geol. of O., v. 1, pt. 1, pp. 185-6. 
Newberry. Erie shale. Rep. Prog. 1869, p. 20. 


14—8. G.—Bull. 6. 
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Shales. Newberry. Erie shale in Ohio. Geol. of O., v. 1, pt. 1, pp. 163- 
67. Fossils, p. 164. 

———-Newberry. Huron shale. Rep. Prog. 1869, pp. 18-20. 

Newberry. Huron shale in Ohio. Geol. of O., v. 1, pt. 1, pp. 152- 

63, 197-98. Fossils, p. 157. 

Newberry. Shales in Erie county. Geol. of O., v. 2, pt. 1, pp. 

188-89. 

-Newberry. Shales in Lorain county. Geol. of O., v. 2, pt. 1, pp. 

212-16. 

Orton. Fossils of Ohio shales. Geol. of O., v. 6, pp. 28-32. 

Same in part, Rep. 1890, pp. 31-33. 

Orton. Niagara shale in Clark county. Geol. of O., v. 1, pt. 1, 

pp. 465-67. 

Orton. Shales in Ohio. Geol. of O., v. 5, pp. 22-28, 35-39. 

Same, in part, Rep. 1890, pp. 25-31, 37-39. 

Orton. Shale, or blue clay of the Cincinnati group. Geol. of O., 

v. 1, pt. 1, pp. 373-79. 

Orton. Shalesin Pikecounty. Geol. of O., v. 2, pt. 1, pp. 619-21, 

624-26. 

Orton. Shales in Ross county. Geol. of O., v. 2, pt. 1, pp. 646-49. 

Read. Olive shales of the Waverly in Licking county. Geol. of 

O., v. 3, pp. 359-60. 

Read. Shales in Ashland county. Geol. of O., v. 3, pp. 522-25. 

Read. Shales in Ashtabula county. Geol. of O., v. 1, pt. 1, pp. 

485-88. 

Read. Shales in Geauga county. Rep. Prog. 1870, p. 469. 

Read. Shales in Geauga county. Geol. of O., v. 1, pt. 1, pp. 525- 

26. 

Read. Shales in Huron county. Geol. of O., v. 3, pp. 305-08. 

Read. Shales in Knox county. Geol of O., v. 3, pp. 337, 340. 

Read. Shales in Lake county. Geol. of O., v. 1, pt. 1, pp. 514-15. 

Read. Shales in Richland county. Geol. of O., v. 3, pp. 319-20. 

Winchell. Shales in Crawford county. Geol. of O., v. 2, pt. 1, 

pp. 242-43. 

——-Winehell. Shales in Delaware county. Geol. of O., v. 2, pt.1, pp. 

276-S9., 

Winchell, Shales in Morrow county. Geol. of O.,v. 2, pt. 1, pp. 


263 69. 






























































Shale Analyses. Orton. Black Huron shale. O. Geol. Sur., Bull. No. 
3. p. 79. 
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Sidewalks. Eno. Concrete used for sidewalks. O. Geol. Sur., Bull. No. 
2, pp. 113-16. 


Silica. Bleininger. Silica and its salts as constituents of hydraulic 
cements. O. Geol. Sur., Bull. No. 3, pp. 27-32. 


Silos. Eno. Use of steel concrete for tanks, silos and elevators. O. 
reol. Sur., Bull. No. 2, pp. 153-58. 


Silurian. Bownocker. Silurian system in Ohio. O. Geol. Sur., Bull. 
No. 1, pp. 19-21. 


Meek. Descriptions of invertebrate fossils of the Devonian and 
Silurian systems. Geol. of O., v. 1, pt. 2, pp. 1-243. 

Newberry. Fishes. Geol. of O., v. 1, pt. 2, pp. 259-63. 
Newberry. Report on Silurian system in Ohio. Rep. Prog 
1869, pp. 12-20. 

Newberry. Silurian in Ohio. Geol. of O., v. 1, pt. 1, pp. 58-65. 
Nicholson. Amorphozoa. Geol. of O., v. 2, pt. 2, pp. 245-55. 
See also names of subdivisions Upper Silurian Ohio series. 


Sisterville Oil Pool. Bownocker. Wells of Monroe county. O. Geol. 
Sur. Bull. No. 1, pp. 194-99. 


Slag. Bleininger. Slags in artificial pozzuolane cement. O. Geol. Sur., 
Bull. No. 3, pp. 43-52. 

Tetmayer’s analysis of European furnace slags. O. Geol. Sur., 
Bull. No. 3, pp. 45-46. 

Lord. Methods of analyzing furnace slags. O. Geol. Sur., Bull. 
No. 3, pp. 114-15. 


Slag Cement. Bleininger. Manufacture of slag cement. O. Geol. Sur., 
Bull. No. 3, pp. 159-73. | 

Slaking Machines. Peppel. Slaking machines used in the manufac- 
ture of sand-lime brick. O. Geol. Sur., Bull. No. 5, pp. 61-62. 

Slate. Andrews. Ohio black slate. O. Geol. Sur., Rep. Prog. 1869, pp. 
62-65. 

Smith, W.H. Report on the reptiles and amphibians of Ohio. Geol. of 
O.,v. 4, pp. 633-754. 


Smith Mixer. Smith conerete mixer, with illustration. O. Geol. Sur., 
Bull. No. 2, pp. 230 -31. 























Snyder Oil Pool. Bownocker. Wells in Harrison county. O. Geol. 
Sur., Bull. No. 1, pp. 230 32. 


Soap. Peppel. Use of hydrated lime in manufacture of soap. 
O. Geol. Sur., Bull. No. 4, pp. 244-45. 
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Soil. Read. Soil in Richland county. Geol. of O., v. 3, pp. 311-12. 
Winchell. Soil in Allen county. Geol. of O., v. 2, pt. 1, pp. 397- 
98, 401. 

Winchell. Soil in Crawford county. Geol. of O., v. 2, pt. 1, pp. 
238-39. 

Winchell. Soil in Defiance county. Geol. of O., v. 2, pt. 1, p. 
423. 

Winchell. Soil in Delaware county. Geol. of O., v. 2, pt. 1, p. 
274. 

Winchell. Soliin Mercer county. Geol. of O., v. 2, pt. 1, pp. 411, 
413. 

Winchell. Soil and timber in Morrow county. Geol. of O., v. 2, 
pt. 1, pp. 255-56. 

Winchell. Soil and timber in Ottawa county. Geol. of O., v. 2, 
pt. 1, p. 228. 

Winchell. Soil in Paulding county. Geol. of O., v. 2, pt. 1, p. 
336. 

Winchell. Soil and timber in Sandusky county. Geol. of O., v. 
1, pt. 1, p. 595. 
































Winchell. Soil and timber in Seneca county. Geol. of O., v. 1, 
pt. 1, pp. 612-13. 

Winchell. Soilin Wood county. Geol. of O., v. 2, pt. 1, p. 385. 
Winchell. Soil in Wyandot county. Geol. of O., v. 1, pt. 1, pp. 
626-27. 

Wormley. Analyses. Rep. Prog. 1870, pp. 452-59. 














Wormley. Analysis of soil from Highland county. Rep. Prog. 
1870, p. 262. 


Somerset. Orton. Deep wells, explorations for natural gas in Clinton 
limestone. Rep. 1890, pp. 246-47. 


Spindle Crushers. Bleininger. Machinery used in cement grinding. O. 
Geol. Sur., Bull. No. 3. pp. 256 -58. 

Springfield Limestone. Hawes. Springfield stone as building stone. 
Geol. of O., v. 5, pp. 617-19. 

—— -Orton. Springfield stone in Greene county. Geol. of O., v. 2, pt. 
lL, pp. 671 73. 

——-Lord, Worniley. Analyses of, from Clark county. O. Geol. Sur., 
Bull. No. 4, pp. 50- 51. 


— --— Orton, Jr., and Peppel. Composition, physical character and 
uses of. in Ohio. ©. Geol. Sur., Bull. No. 4, pp. 148-48. 
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Stark County. Orton. Deep wells, explorations for oil and gas. Geol. 
of O., v. 6, pp. 359-60. 

Orton. Iron ores of. Geol. of O., v. 5, pp. 386-99. 

Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to fitness for portland cement. O. Geol. Sur., Bull. No. 4, 
pp. 126-27. 


Steam Pressure. Peppel. Steam pressure to be employed in hardening 
sand-lime brick. O. Geol. Sur., Bull. No. 5, p. 46. 








Steel concrete. Eno. Use of cement in steel concrete construction. O. 
Geol. Sur., Bull. No. 2, pp. 124-88. 
Eno. Steel concrete used for footings or foundations for sky- 
scrapers. QO. Geol. Sur., Bull. No. 2, pp. 139-43. 


Steubenville Shaft Coal. Orton. Place in the coal series of Ohio. Geol. 
of O., v. 5, pp. 49-62. 





Stevenson, John J. Reports on the geology of Carroll, Harrison, Guern- 
sey, Muskingum and Belmont counties. Geol. of O., v. 3, pp. 177- 
287. 


Stone. Eno. Specifications for stone used in conercte work. O. Geol. 
Sur., Bull. No. 2, p. 191. 


See also Building Stone. 
Stoneware, see Pottery. 


Stone Work. Peppel. Preference of stone workers for high-calcium 
limes. O. Geol. Sur., Bull. No. 4, pp. 254-55. 


Straitsville District. Orton. Coal mines. Geol. of O., v. 5, pp. 953-59. 


Street Paving. Eno. Concrete used for street paving. O. Geol. Sur., 
Bull. No. 2, pp. 110-13. 


Stucco. Eno. Cement stucco for walls. O. Geol. Sur., Bull. No. 2, pp. 
4S—49. 


Sub-carboniferous Limestone. Orton. Sub-carboniferous limestone in 

Ohio. Geol. of O., v. 6, p. 42. Same, Rep. 1890, pp. 42-43. 

Orton. Sub-earboniferous in Ohio. Geol. of O., v. 7, pp. 35-36. 

Sub-carboniferous Sandstone. Orton. Sub-carboniferous sandstones in 
Ohio. Geol. of O., v. 5, pp. 578-612. 





Sugar Grove Gas Field. Bownocker. Sugar Grove gas field. O. Geol. 
Sur., Bull. No. 1, pp. 108-18. 


Sulphur. Lord. Methods of determining sulphur in coal. Geol. of OÖ, 
v. 5, pp. 1089-91. 
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Theresa Dam. Eno. Use of steel concrete in dam construction. O. 
Geol. Sur., Bull. No. 2, p. 179. 


Thurston Gas Field. Bownocker. Thurston gas field. O. Geol. Sur., 
Bull. No. 1, pp. 107-08. 


Orton. Thurston gas field. Rep. 1890, pp. 240-42. 


Ties. Eno. Concrete for rail beds and ties. O. Geol. Sur., Bull. No. 2, 
pp. 108-10. 

Eno. Use of steel concrete for railroad ties. O. Geol. Sur., Bull. 
No. 2, pp. 174-78. 


Tile. Orton, Jr. Tile manufacture in Ohio. Geol. of O., v. 7, pp. 239- 
40. 

Eno. Use of cement for tiling and figured work. O. Geol. Sur., 
Bull. No. 2, pp. 56-57. 

Winchell. Tile manufacture of Auglaize county. Geol. of O. 
v. 2, pt. 1, p. 408. 

See also Decorative Tile; Drain Tile; Floor Tile. 














Tionesta Clay. Orton. Tioncsta clay in Ohio. Geol. of O., v. 7, p. 62. 


Tionesta Coal No. 3b. Orton. Characteristics of Ohio coal. Geol. of 
O., v. 5, p. 160. 

Orton. Tionesta coal in Ohio. Geol. of O., v. 7, p. 276. 

Orton. Tionesta coal in Scioto and Lawrence counties. Geol. of 
O., v. 5, pp. 1039-40. 

Orton. Tionesta coal in Tuscarawas county. Geol. of O., v. 5, pp 
258-59. 

Wright. Tionesta coal in Holmes county. Geol. of O., v. 5, pp. 
827-28. 














Tools. Eno. Machincry and tools used in concrete and concrete mortar 
work. O. Geol. Sur., Bull. No. 2, pp. 223-248. 

Eno. Tools for cement work, with illustrations. O. Geol. Sur., 
Bull. No. 2, pp. 246-48. 

Topography, sce Physical Geography. 





Toronto Gas Field. Bownocker. Wells in Jefferson county. O. Geol. 
Sur., Bull. No. 1, pp. 245-46. 


Tortoises, sce Reptiles. 


Tower Substructures. Iino. Concrete bases for towers and monuments. 
O. Geol. Sur., Bull. No. 2, pp. 80-82. 


Travertine. Orton, Jr.,and Peppel. Travertine as source of portland 
cement material. O. Geol. Sur., Bull. No. 3, p. 97. 
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Travertine. Orton, Jr.,and Peppel. Composition of, in Erie county, with 
reference to fitness for portland cement. O. Geol. Sur., Bull. 
No. 4, pp. 62-63. 


Travertine Analysis. Klippart. Travertine from Erie county. O. 
Geol. Sur., Bull. No. 4, p. 62. 


Trees, see Forests. 


Trench Enclosures. Fowke. Enclosures, roadways, etc., of aborigines 
in Ohio. Geol. of O., v. 7, pp. 5-16. 


Trenton Limestone. Bownocker. Oil and gas producing rocks in Ohio. 
O. Geol. Sur., Bull. No. 1, pp. 18-19. 


Bownocker. Trenton in Sandusky county. O. Geol. Sur., Bull. 
No. 1, pp. 73-76. 

Bownocker. Trenton limestone as a source of oil and gas. O. 
Geol. Sur., Bull. No. 1, pp. 31-101. 

Bownocker. Trenton in Wood county. O. Geol. Sur., Bull. 
No. 1, pp. 59-65. 

Orton. Availability as a gas and oil rock in eastern Ohio. Pre- 
lim. Rep. on petroleum and inflammable gas. 1887, pp. 166-69. 

















Orton. Trenton limestone as a source of petroleum and high 
pressure gas. Prelim. Rep. on petroleum and inflammable gas, 
Rep. 1886, pp. 30-54; 1887, pp. 45-79. 


Orton. Trenton limestone as a source of oil and gas in Ohio. 
Geol. of O., v. 6, pp. 101-310. 


Orton. Trenton limestone as a source of oil and gas in Ohio. Geol. 
of O., v. 6, pp. 784-92. Rep. 1890, pp. 105-226. 


———Orton. Trenton limestone in geological series of Ohio. Prelim. 
Rep. on petroleum and inflammable gas, Rep. 1886, p. 18; 1887, 
pp. 25-28, 116-17. 

Orton. Trenton limestone in Ohio. Geol. of O., v. 5, pp. 4-7. 
Same, Rep. 1890, pp. 11-14. Geol. of O., v. 7, p. 416. 

Orton. Trenton limestone in northeastern Indiana as a source of 
gas and oil. Prelim. Rep. on petroleum and inflammable gas, 
1887, pp. 170-76. 

Orton, Jr., and Peppel. Composition, physical character and 
uses in Ohio. O. Geol. Sur., Bull. No. 4, p. 138. 


Prosser. Reasons for retaining this name in revised geological 
scale of Ohio. O. Geol. Sur., Bull. No. 7, pp. 35-36. 




















Trestle Bents. Eno. Use of steel concrete in trestle bents. O. Geol. 
Sur., Bull. No. 2, p. 178. 
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Triassic System. Newberry. Geol. of O., v. 1, pt. 1, pp. 80-81. 
Trilobita, see Crustacea; Paleontology, Genera and Species, 


Trumbull County. Bownocker. Oil and gas production. O. Geol. 
Sur., Bull. No. 1, pp. 300-02. 


Orton. Coal mines. Geol. of O., v. 5, pp. 168-75. Brookfield 
township, p. 173. Hubbard township, p. 173. Liberty township 
p. 174. Vienna township, p. 173. Weathersfield township, pp. 
174-75. Ä 

Orton. Deep wells, drilling for oil and gas. Geol. of O., v. 6, p. 
401. 


Orton. Iron ores. Geol. of O., v. 5, pp. 382--83. 


Read. Geology. Geol. of O., v. 1, pt. 1, pp. 493-509. Geologic 
map of Ashtabula, Trumbull, Lake and Geauga counties, 26.3x32 
em. 


Whittlesey. Clays. An. Rep., v. 2, 1838, pp. 67-69. 
Whittlesey. Coke. An. Rep., v. 2, 1838, pp. 61-63. 
Whittlesey. Important beds of coal. An. Rep., v. 2, 1838, pp. 
60-62. 

———Whittlesey. Iron ores. An. Rep., v. 2, 1838, pp. 66-67. 
Whittlesey. Lake ridges. An. Rep., v. 2, 1838, p. 55. 
Whittlesey. Limestone. An. Rep., v. 2, 1838, pp. 62-65. 
Whittlesey. Mineral springs. “An. Rep., v. 2, 1838, p. 65. 
———Whittlesey. Order of strata. ‘An. Rep., v. 2, pp.56--58. 
Whittlesey. Outline of the coal region. An. Rep., v. 2, 1838, pp. 
58-60. 

Whittlesey. Topography. An. Rep., v. 2, 1838, pp. 54-55. 






































Tube Mill. Bleininger. Grinding machines for cement manufacture. 
O. Geol. Sur., Bull. No. 3, pp. 273-76. 


Tully Limestone. Winchell. Tully limestone in Defiance county. Geol. 
of O., v. 2, pt. 1, pp. 426--27. 


Tunnels. Eno. Concrete in tunnel construction. O. Geol. Sur., Bull. 
No. 2, pp. 104-07. 

Eno. Use of steel concrete in tunnel lining. O. Geol. Sur., Bull- 
No. 2, p. 167. 





Turntables. Eno. Use of steel concrete in turntables and ashpits. OQ. 
Geol. Sur., Bull. No. 2, p. 178. 


Turtles, see Reptiles. 
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Tuscarawas County. Bownocker. Oil and gas production. O. -Geol. 
Sur., Bull. No. 1, pp. 288-90. Lawrence township, p. 290. Mill 
township, p. 290. Oxford township, p. 289. Salem township, 
pp. 289-90. Warren township, p. 289. Warwick township, p. 
290. Washington township, p. 289. 





Briggs. Geology. Ann. Rep., v. 2, 1838, pp. 145-54. 


Newberry. Geology. Geol. of O., v. 3, pp. 52-89. Geologic 
map (uncolored), 12.6x16.6 cm. ° 


Newberry. Topography. Geol. of O., v. 3, pp. 51-54. 

Orton. Coal mines. Geol. of O., v. 5, pp. 256-82. 

Orton. Deep wells, explorations for oil and gas. Geol. of O., v. 
6, pp. 369-70. | 

Orton. Iron ores. Geol. of O., v. 5, pp. 386-99. 


Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to fitness for portland cement. O. Geol. Sur., Bull. No. 
4, p. 127. 

Root. Salt manufacture. Geol. of O., v. 6, p. 656. 























Tuscarawas Region. Lord. Iron manufacture. Geol. of O., v. 5, pp. 
464-68. 


Tuscarawas Valley. Newberry. Geology. Geol. of O., v. 3, pp. 80-81. 


Ulrich, E. O. New and little known lamellibranchiata from the Lower 
Silurian rocks of Ohio and adjacent states. Geol. of O., v. 7, pt. 
2, pp. 6-93. 


Union County. Orton. Oil and gas wells. Geol. of O., v. 6, pp. 269-70. 


Orton, Jr., and Peppel. Limestone formations of, important in 
lime industry. O. Geol. Sur., Bull. No. 4, p. 135. 


Winchell. Geology. Geol. of O., v. 2, pt. 1, pp. 324-34. Geo- 
logic map, 10.6x14 em. 








Union Salt Company. Bownocker. Methods of manufacture in use. 
O. Geol. Sur., Bull. No. 8, pp. 34-36. 
Winchell. Topography. Geol. of O., v. 2, pt. 1, pp. 324-26. 





United States. Eno. Use of cements. QO. Geol. Sur., Bull. No. 3, p. 21° 


Upper Clarion Coal. Orton. Upper Clarion in Ohio. Geol. of O., v. 7, 
pp. 277-78. 


Upper Coal-measures. Orton, Jr., and Peppel. Composition of lime- 
stones of, in Jefferson county, with reference to fitness for portland 
cement. QO. Geol. Sur., Bull. No. 4, pp. 84-85. 
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Upper Freeport Coal (No. 7). Orton. Characteristics of Ohio coal. 

Geol. of O., v. 5, pp. 167-68. 

Orton. Upper Freeport coal in Guernsey county. Geol. of O., 

v. 5, pp. 286-89. 

Orton. Upper Freeport in Jackson county. Geol. of O., v. 5, pp. 

1026-27. 

Orton. Upper Freeport in Lawrence and Gallia county. Geol. 
. of O., v. 5, pp. 1052-58. 

——-—Orton. Upper Freeport in Muskingum county. Geol. of O., v. 5, 

pp. 878-S4. 

Orton. Upper Freeport coal in Nelsonville district. Geol. of O. 

v. 5, pp. 984-87. 

Orton. Upper Frecport, or Coal No. 7, in Ohio. Geol. of O., v. 7. 

pp. 281--82. 

Orton. Upper Freeport in Sunday Creek valley. Geol. of O., v. 

5, pp. 840-44. 

Orton. Upper Freeport in Vinton county. Geol. of O., v. 5, p. 

1007. 























Upper Helderberg. Orton. Lime production. Geol. of O., v. 6, pp. 
706-07. 

Orton. Upper Helderberg in geological scale of Ohio. Prelim. 
Rep. on petroleum and inflammable gas, 1887, p. 121. 

Orton. Upper Helderberg in Ohio. Geol. of O., v. 6, pp. 20-22. 
Same, Rep. 1890, pp. 24-26. 

Orton. Upper Helderberg in Ohio. Geol. of O., v. 7, pp. 18-21. 
Whitfield. Species of fossils from the limestones. Geol. of O., v. 
7, pt. 2, pp. 419-31. 

See also Cormfcrous Limestone. 














Upper Kittanning Coal. Orton. Upper Kittanning in Guernsey county. 
Geol. of O., v. 5, pp. 285-6. 


Upper Mercer Block Ore. Analysis of ore from Muskingum county. 
Geol. of O., v. 5, p. 403. 


Upper Mercer Clay and Shale. Orton. Upper Mercer clay and shale in 
clay industries. Geol. of O., v. 7, p. 62. 


Upper Mercer Coal. Orton. Characteristies of Ohio coal seams. Geol. 
of O., v. 5, pp. 159-60. 

—— -Orton. Upper Mereer in Lawrence and Scioto counties. Geol. 
of O., v. 5. pp. 1038 39. 

——---Örton. Upper Mercer in Nelsonville distriet. Geol. of O., v. 5, 
pp. 989 91. 
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Upper Mercer Coal. Orton. Upper Mercer coalin Ohio. Geol. of O., 
v. 7, pp. 275-76. 

Wright. Upper Mercer coal in Holmes county. Geol. of O., v. 5, 
pp. 825-27. 


Upper Mercer Limestone. Orton, Jr., and Peppel. Composition, phys- 
ical character and uses of, in Ohio. O. Geol. Sur., Bull. No. 4, 











pp. 172-73. 

Upper Silurian. Newberry. Upper Silurian in Ohio. Geol. of O., v. 3, 
pp. 4-9. 
Orton. Upper Silurian in Butler county. Geol. of O., v. 3, pp. 
399-401. 
Orton. Upper Silurian in Preble county. Geol. of O., v. 3, pp. 
406-19. 





Prosser. Line of separation between Upper and Lower Silurian 
in revised geological scale of Ohio. O. Geol. Sur., Bull. No. 7, 
pp. 29-30. 

Prosser. Table showing formations included in this division in 
revised nomenclature of geological scale of Ohio. O. Geol. Sur., 
Bull. No. 7, p. 3. 


See also names of subdivisions; Paleontology. 


Utica Shale. Orton. Clinton, Medina, Hudson river and Utica shales 
as sources of gas. Prelim. Rep. on petroleum and inflammable 
gas, 1887, pp. 96-99. Edition 1886, pp. 66-68. _ 

Orton. Utica shale in geological series of Ohio. Prelim. Rep. 
on petroleum and inflammable gas, 1886, p. 19; 1887, pp. 28-29, 
117-18. 

Orton. Utica shale in Ohio. Geol. of O., v. 6, pp. 7-9. Same, 
Rep. 1890, pp. 14-15. 


Orton. Utica shale in Ohio. Geol. of O., v. 7, pp. 6-8. 


Van Buren Gas Field. Orton. Development. Prelim. Rep. on petrol- 
eum and inflammable gas, 1887, p. 136. 














Van Wert County. Bownocker. Oil production. O. Geol. Sur., Bull. 
No. 1, pp. 96-99. Geologic map, Van Wert and other counties, 
showing oil and gas territories, 20.7x21 cm., opp. p. 80. 
Bownocker. Oil production. O. Geol. Sur., Bull. No. 1, pp. 
96-99. Jennings township, p. 97. Liberty township, pp. 97-98. 
Ridge township, p. 97. York township, p. 97. 

Orton. Oil and gas wells. Geol. of O., v. 6, pp. 239-40. 

Orton, Jr., and Peppel. Composition of limestone of, with ref- 
erence to fitness for portland cement. O. Geol. Sur, Bull. No. 
4, pp. 127-28. 
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Van Wert County. Winchell. Geology. Geol. of O., v. 2, pt. 1, pp. 
314-23. Geologic map, 12.5x11.7 em. 
Winchell. Topography. Geol. of O., v. 2, pt. 1, pp. 314-15. 





Frertebrata, see Batrachia; Birds; Fishes; Mammals; Reptiles. 


Vinton County. Andrews. Local Geology. Rep. Prog. 1870, pp. 92- 
126. Clinton township, pp. 118-23. Elk township, pp. 104-12. 
Jackson township, pp. 97-99. Madison township, pp. 95-96. 
Richland township, pp. 99-104. Swan township, pp. 96-97. 
Vinton township, pp. 117-18. Wilkesville township, pp. 123-25, 
Bownocker. Oil and gas production. O. Geol. Sur., Bull. No. 
1, pp. 276-79. Brown township, p. 277. Clinton township, p. 
279. Jackson township, pp. 277-78. Knox township, p. 278. 
Madison township, p. 277. Richland township, p. 277. Swan 
township, pp. 278-79. Vinton township, pp. 276-77. 


Orton. Coal mines. Geol. of O., v. 5, pp. 995-1011. 

Orton. Deep wells, explorations for oil and gas. Geol. of O., 
v. 6, p. 394. 

Orton, Jr., and Peppel. Limestone resources of, small and un- 
important. O. Geol. Sur., Bull. No. 4, p. 136. 

Orton, Jr., and Peppel. Occurrence of Ferriferous limestone in. 
O. Geol. Sur., Bull. No. 4, p. 182. 

















Wadsworth Salt Company. Bownocker. Discovery and process of 
manufacture of salt. O. Geol. Sur., Bull. No. 8, pp. 28-31. 


Walls. Eno. Use of concrete in walls. O. Geol. Sur., Bull. No. 2, pp. 
64-66. 

Eno. Use of steel concrete for walls. O. Geol. Sur., Bull. No. 2, 
p. 143. 

Eno. Use of concrete in retaining walls. O. Geol. Sur., Bull. 
No. 2, pp. 164-67. 








Wampum Ore. Analysis. Geol. of O., v. 5, p. 459. 

Warren County. Orton. Geology. Geol. of O., v. 3, pp. 381-91. Geo- 
logie map, 10.6x11.3 em. 

Orton. Oil and gas wells. Geol. of O., v. 6, pp. 295-96. 

Orton. Topography. Geol. of O., v. 3, pp. 381-82. 











Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to fitness for portland cement. ©. Geol. Sur., Bull. No. 
4, pp. 128-29. 


Washington County. Andrews. Geology. Geol. of O., v. 2, pt. 1, pp. 
453-508. 
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Washington County. Andrews. Geology of a part of Washington and 
Noble counties. Rep. Prog. 1869, pp. 123-27. 

Andrews. Local geology of.- Geol. of O., v.2, pt. 1, pp. 453-508. 
Adams township, pp. 474-77. Aurelius township, pp. 486-90. 
Barlow township, pp. 466-68. Belpre township, pp. 465-66. 
Decatur township, pp. 459-61. Dunham township, pp. 473-74. 
Fairfield township, pp. 461-62. Fearing township, pp. 490-92. 
Grand View township, pp. 507-08. Independence township, pp. 
505-06. Jolly township, p. 508. Lawrence township, pp. 493-99. 
Liberty township, pp. 499-501. Ludlow township, pp. 506-07. 
Marietta township, pp. 492-93. Muskingum township, pp. 478-80. 
Newport township, pp. 501-05. Palmer township, pp. 463-64. 
Salem township, pp. 480-86. Union township, pp. 477-78. 
Warren township, pp. 472-73. Waterford township, pp. 469-72. 
Watertown township, pp. 468-69. Wesley township, pp. 462-63. 
Andrews. Topography. Geol. of O., v. 2, pt. 1, pp. 453-56. 
Bownocker. Oil and gas. O. Geol. Sur., Bull. No. 1, pp. 148-93. 
Geologic map, western half Washington county, showing oil and 
gas fields, 37.2x20.2 cm., opp. p. 128. Geologic map, eastern 
half Washington county, showing oil and gas fields, 29.8x22.5 cm., 
opp. p. 154. 

—— —Bownocker. Wells in Lawrence township. O. Geol. Sur., Bull. 
No. 1, pp. 170-71. 
Bownocker. Wells in Salem township. QO. Geol. Sur., Bull. No. 
1, pp. 192-93. 

Hildreth. Geology. Ann. Rep., v. 1, 1837, pp. 25-54. 

















Orton. Deep wells, drilling for oil and gas. Geol. of O., v. 6, pp. 
398--401. 

Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to fitness for portland cement. QO. Geol. Sur., Bull. No. 
4, pp. 129-32. = 








Water. Kino. Effect of water upon strength of mortar. O. Geol. Sur, 
Bull. No. 2, pp. 30-33. 

Orton. Water supply in Greene county. Geol. of O., v. 2, pt. 1. 
pp. 690-96. 

Orton. Water supply in Madison county. Geol. of O., v. 3, pp. 
427-28. 


See also Mineral Springs; Springs. - 








Waterlime. Gilbert. Waterlime group in Lucas county. Rep. Prog, 
1870, p. 493. Geol. of O., v. 1, pt. 1, p. 575. 


Hill. Waterlime in Logan county. Geol. of O., v. 3, p. 487. 





15—S. G.—Bull. 6. 
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Waterlime. Hussey. Lower Helderberg, or waterlime, in Clinton and 
Fayette counties. Geol. of O., v. 3, pp. 444-447. 

Lord. Limestones for cement making. Geol. of O., v. 6, pp. 
671-80. 

Newberry. Waterlime group of Cincinnati arch. Geol. of O., 
v. 1, pt. 1, pp. 135-39. Fossils, p. 136. 

Newberry. Waterlime in Erie county. Geol. of O., v. 2, pt. 1, 
p. 193. 

Newberry. Waterlime in Lake Erie islands. Geol. of O., v. 2, 
pt. 1, pp. 201-05. 

Newberry. Waterlime in Ohio. Geol. of O., v. 3, p. 9. 

Orton. Lime production. Geol. of O., v. 6, p. 706. 

Orton. Lower Helderberg, or waterlime, in Franklin county. 
Geol. of O., v. 3, pp. 600-03. 

Orton. Waterlime, or Lower Helderberg limestone, in geological 
series of Ohio. Prelim. Rep. on petroleum and inflammable gas 
1886, pp. 22-23. Rep. 1887, pp. 33-34, 120-21. 

Orton. Lower Helderberg, or waterlime group. Geol. of O., v. 7, 
pp. 14-18. 

Orton, Jr., and Peppel. Composition of, in Clark county, with 
reference to fitness for portland cement. O. Geol. Sur., Bull. 
No. 4, pp. 50-52; in Fayette county, p. 63; in Hancock county, 
pp. 73-74; in Hardin county, p. 74; in Highland county, pp. 
75-79; in Logan county, pp. 89-90; in Lucas county, pp. 90-91. 
Peppel. Use of, for crushed stone in Ohio. O. Geol. Sur., Bull. 
No. 4, pp. 216-22. 

Winchell. Waterlime in Allen county. Geol. of O., v. 2, pt. 1 





















































pp. 399-401. 
Winchell. Waterlime in Delaware county. Geol. of O., v. 2, pt. 
1, pp. 301-02. 

—-——Winchell. Waterlime in Hancock county. Geol. of O., v. 2, pt. 
1, pp. 361-64. 
Winchell. Waterlime in Hardin county. Geol. of O., v. 2, pt. 1, 
pp. 355-56. 
Winchell. Waterlime in Marion county. Geol. of O., v. 1, pt. 1, 
pp. 641-42. | 
Winchell. Waterlime in Ottawa county. Geol.of O., v. 2, pt. 1, 
pp. 230-32. 
Winchell. Waterlime in Paulding county. Geol. of O., v. 2, pt. 
1, p. 341. 





Winchell. Waterlime in Putnam county. Geol. of,O., v. 2, pt. 1, 
pp. 388-91. 


SUBJECT INDEX OF OHIO REPORTS. 227 


Waterlime. Winchell. Waterlime in Sandusky county. Geol. of O., v. 
1, pt. 1, pp. 600-03. Woodville and Washington townships, p. 
600. Jackson, Ballville and Sandusky townships, p. 601. 

Winchell. Waterlime quarries in Seneca county. Geol. of O., 

v. 1, pt. 1, pp. 617-19. 

Winchell. Waterlime in Union county. Geol. of O., v. 2, pt. 1, 

p. 329. 

Winchell. Waterlime in Van Wert county. Geol. of O., v. 2, 

pt. 1, pp. 317-18. 

Winchell. Waterlime in Wood county. Geol. of O., v. 2, pt. 1, 

pp. 374-79. 

Winchell. Waterlime in Wyandot county. Geol. of O., v. 1, pt. 

1, pp. 632-36. 

See also Cement; Monroe formation. 

















Waterlime Analysis. Waterlime from Columbiana county. Geol. of O., 
v. 3, p. 132. 

Newberry. Analysis of hydraulic limestone. Rep. Prog. 1870, 
pp. 52-53. 





Water Pipe. Eno. Use of concrete for water pipes. O. Geol. Sur., Bull. 
No. 2, p. 94. 

Eno. Use of steel concrete for water pipes and conduits. O. 
Geol. Sur., Bull. No. 2, pp. 169-71. 





Water Supply. Gilbert. Water supply in Lucas county. Rep. Prog. 
1870, p. 498. 


Waverly Conglomerate. Dawes. Building stones in Ohio. Geol. of O., 
v. 5, pp. 590-99. 


Waverly Group. Andrews. Waverly in Fairfield county. Geol. of O., 
v. 2, pt. 1, pp. 593-94. 


Andrews. Waverly in the Hocking valley. Geol. of O., v. 3, pp. 
816. ) 


Hall and Whitfield. Crinoidea. Geol. of O., v. 2, pt. 2, pp. 162- 
79. 


Herrick. Observations upon the so-called Waverly group in Ohio. 
Geol. of O., v. 7, pt. 2, pp. 495-515. 


Meek. Fossils. Geol. of O., v. 2, pt. 2, pp. 273-325. 

Newberry. Descriptions of fossil fishes. Geol. of O., v. 1, pt. 2, 
pp. 278-82. 

Newberry. List of fossils of the Waverly in Ohio. Geol. of O., 
v. 2, pt. 1, pp. 97-99. 
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Waverly Group. Newberry. Waverly group in Cuyahoga county. 
Geol. of O., v. 1, pt. 1, pp. 185-90. 

Newberry. Waverly in Lorain county. Geol. of O., v. 2, pt. 1, 
pp. 210-16. 

Newberry. Waverly in Mahoning county. Geol. of O., v. 3, pp. 
783-84. 

Newberry. Wavcrly group in Ohio. Geol. of O., v. 3, pp. 19-23. 


Newberry. Waverly in Summit county. Geol. of O., v. 1, pt. 1, 
pp. 208-18. 

Orton. Waverly group in geological scale of Ohio. Geol. of O., 
v. 2, pt. 1, pp. 84-99. Prelim. Rep. on petroleum and inflammable 
gas, 1886, pp. 24-26; 1887, pp. 36-39. Geol. of O., v.6, pp. 33-42. 
Rep. 1890, pp. 33-42. Geol. of O., v. 7, pp. 26-35. 

Orton. Waverly in Franklin county. Geol. of O., v. 3, pp. 638- 
43. 

Orton. Waverly in Pike county. Geol. of O., v. 2, pt. 1, pp. 
618-30. 

Prosser. Discussion of formations of this series in the revised 
geological scale of Ohio. O. Geol. Sur., Bull. No. 7, pp. 18-22. 


Read. Waverly in Holmes county. Rep. Prog. 1870, pp. 474- 
75. 


Waverly Sandstone. Andrews. Fossils of the Waverly. Rep. Prog. 
1869, pp. 71-72. 

Andrews. Waverly sandstone group. Rep. Prog. 1870, pp. 59- 
62. 

Andrews. Waverly sandstone in Ohio. Rep. Prog. 1869, pp. 
65-71. Section. 

Andrews. Waverly in Pickaway county. Geol. of O., v. 2, pt. 1, 
pp. 589-90. 

Briggs. Waverly sandstone series in Scioto, Lawrence, Gallia, 
etc., counties. Ann. Rep., v. 1, 1837, pp. 79-81. 









































Orton. Waverly sandstone in Franklin county. Geol. of O., v. 
3, pp. 639-42. 

Orton. Waverly sandstone in Pike county. Geol. of O., v. 2, 
- pt. 1, pp. 621-24. 

Read. Waverly in Wayne county. Geol. of O., v. 3, pp. 5388-39. 
Read. Waverly sandstone in Holmes county. Geol. of O., v. 3, 
pp. 544-45. | 

Winchell. Waverly in Marion county. Geol. of O., v. 1, pt. 1, 
p. 643. 
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Waverly Shales. Orton. Waverly shales in Franklin county. Geol. 
of O., v. 3, p. 639. 

Orton. Waverly shales in Ross county. Geol. of O., v. 2, pt. 1, 
pp. 648-49. " 





Wayne County. Bownocker. Oil and gas production. O. Geol. Sur., 
Bull. No. 1, pp. 285-86. 

Orton. Deep wells, explorations for oil and gas. Geol. of .O., 
v. 6, pp. 361-63. 

Read. Geology. Geol. of O., v. 3, pp. 529-42. Geologic map, 
Richland, Wayne, etc., counties, 31.7x42 cm. 

Read. Topography. Geol. of O., v. 3, pp. 529-530. 

Riddell. Geology of Richland, Wayne and Medina counties. 
Exec. Docs. 1836, Rep. No. 60, pp. 25-27. 














Waynesburg Coal. Prosser. Correlation of Waynesburg, Pennsylvania, 
coal with coal No. 11 of Ohio. O. Geol. Sur., Bull. No. 7, p. 7. 


Weber System. Eno. Weber system of reinforced concrete. O. Geol. 
Sur., Bull. No. 2, p. 137. 


Wells. Winchell. Wells and springs in Allen county. Geol. of O., 
v. 2, pt. 1, pp. 402-03. ) 

Winchell. Wells and springs in Crawford county. Geol. of O., 
v. 2, pt. 1, pp. 248-49. 

Winchell. Wells and springs in Defiance county. Geol. of O. 
v. 2, pt. 1, pp. 434-37. . 

Winchell. Wells and springs in Delaware county. Geol. of O., 
v. 2, pt. 1, pp. 306-08. 

Winchell. Wells and springs in Hancock county. Geol. of O., 
v. 2, pt. 1, p. 366. 

Winchell. Wells and springs in Henry county. Geol. of O., v. 2, 
pt. 1, p. 421. 

Winchell. Wells and springs in Morrow county. Geol. of O., 
v. 2, pt. 1, pp. 267-68. 

Winchell. Wells and springs in Paulding county. Geol. of O., 
v. 2, pt. 1, pp. 345-49. 

Winchell. Wells and springs in Putnam county. Geol. of O., 
v.2, pt. 1, pp. 394-96. 

Winchell. Wells and springs in Union county. Geol. of O., v. 
2, pt. 1, pp. 332-33. 

Winchell. Wells and springs in Van Wert county. Geol. of O., 
v. 2, pt. 1, pp. 319-22. 
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Wellsburg Gas Field. Orton. Berea grit as source of Wellsburg gas 
flow. Prelim. Rep. on petroleum and inflammable gas, 1887, 
pp. 85-86. Edition 1886, pp. 58-62. 


Wellsburg and Brilliant Gas Field. Orton. Productive oil and gas fields 
in Ohio. Geol. of O., v. 6, pp. 337-40. 


Wellston Coal. Orton. Wellston coal in Vinton county. Geol. of O., 
- v.5, p. 995. 


Orton. Wellston or Jackson Hill coal in Ohio. Geol. of O., v. 7, 
pp. 273-74. 


Werner, William C. Catalogue of Ohio plants. Geol. of O., v. 7, pt. 2, 
pp. 56-406. 


West Sister Island. Gilbert. Economic Geology. Geol. of O., v. 1, 
pt. 1, p. 590. 


Gilbert. Geological structure. Geol. of O., v. 1, pt. 1, pp. 588- 
91. 


Gilbert. Topography. Geol. of O., v. 1, pt. 1, p. 588. 











West Union Cliff Limestone. Orton. West Union Cliff in Greene county. 
Geol. of O., v. 2, pt. 1, pp. 670-71. 


West Union Limestone. Orton, Jr.,and Peppel. Composition, physical 
character and uses of, in Ohio. O. Geol. Sur., Bull. No. 4, p. 148. 


Wet Slaking Process. Peppel. Wet slaking process of manufacture of 
sand-lime brick. O. Geol. Sur., Bull. No. 5, pp. 19-20. 


Wheat, Alfred W. Report on the geology of Medina county. Geol. of 
O., v. 3, pp. 362-80. 


Wheaton, J. M. Report on the birdsin Ohio. Geol. of O., v. 4, pp. 189- 
628. 


Whitacre Oil Pool. Bownocker. Wells in Monroe county. O. Geol. 
Sur., Bull. No. 1, p. 207. 


Whitfield, R. P., and Hall, James. Descriptions of invertebrate fossils 
mainly from the Silurian system. Geol. of O., v. 2, pt. 2, pp. 67- 
268. 


Whitfield, R. P. Contributions to the Paleontology of Ohio. Geol. of 
O., v. 7, pt. 2, pp. 407-94. 


Whittlesey, Charles. Geological report. An. Rep., v. 2, 1838, pp. 41-71. 


Topographical report on the region between the Scioto and Hock- 
hocking rivers. An. Rep., v. 1, 1837, pp. 99-109. 


Williams County. Gilbert. Geology. Rep. Prog. 1870, pp. 487-90. 
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Williams County. Gilbert. Geology. Geol. of O., v. 1, pt. 1, pp. 
556-66. 
Gilbert. Topography. Geol. of O., v. 1, pt. 1, p. 557. 


Wilson Run Oil Pool. Bownocker. Wells in Ludlow township, Wash- 
ington county. O. Geol. Sur., Bull. No. 1, pp. 188-189. 


Winchell, N. H. Geology of Sandusky, Seneca, Wyandot and Marion 
counties. Geol. of O., v. 1, pt. 1, pp. 593-645. 

Geology of Ottawa, Crawford, Morrow, Delaware, Van Wert, 
Union, Paulding, Hardin, Hancock, Putnam, Allen, Henry, Au- 
glaize, and Defiance counties. Geol. of O., v. 2, pt. 1, pp. 227-438. 








Winget Block Machine. Eno. Winget machine for making concrete 
blocks. O. Geol. Sur., Bull. No. 2, p. 239. 


Wingett P. O. Gas Wells. Bownocker. Wells in Ludlow township, 
Washington county. O. Geol. Sur., Bull. No. 1, pp. 190-91. 


Wood. Peppel. Use of wood as a fuel in burning lime in Ohio. O. 
Geol. Sur., Bull. No. 4, p. 272. 


Wood County. Bownocker. Geology. O. Geol. Sur., Bull. No. 1, pp. 
09-65. 

Bownocker. Oil production. O. Geol. Sur., Bull. No. 1, pp: 

55-65. Geological map, Lucas, Ottawa, Wood, Sandusky, 

Seneca, Hancock and Wyandot counties to show oil and gas 

territories, 18x26.5 cm., opp. p. 56. 


Bownocker. Oil production. O. Geol. Sur., Bull. No. 1, pp. 
55-65. Bloom township, p. 57. Freedom township, p. 58. 
Henry township, pp. 56-57. Liberty township, p. 56. Middleton 
township, pp. 55-56. Montgomery township, p. 58. Perry 
township, p. 58. Plain township, p. 56. Portage township, p. 
57. Troy township, p. 58. Washington township, p. 56. Web- 
ster township, pp. 57-58. 

Briggs. Geology. Ann. Rep., v. 2, 1838, pp. 109-18. 

Orton. Gas and oil fields. Geol. of O., v. 6, pp. 223-39. Gas 
wells. Rep. 1890, pp. 133-56. Bloom township, pp. 133-38. 
Center and Plain townships, pp. 152-55. Henry township, pp. 
140-51. Perry township, pp. 138-39. Portage township, pp. 
151-52. | 

Orton. Lime production. Geol. of O., v. 6, pp. 739-43. 

Orton. Oil field. Rep. 1890, pp. 306-15. 

Orton, Jr., and Peppel. Composition of limestones of, with ref- 
erence to fitness for portland cement. O. Geol. Sur., Bull. No. 
4, pp. 132-34. 
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Wood County. Riddell. Geology of Sandusky, Wood and Lucas 
counties. O. Exec. Does. 1836, Rep. No. 60, pp. 19-23. 
Winchell. Geology. Geol. of O., v. 2, pt. 1, pp. 368-86. Geo- 
logic map, 12.6x16.5 em. 








Winchell. Topography. Geol. of O., v. 2, pt. 1, pp. 368-70. 


Woodville White Lime Company. Veppel. Description and plans of 
typical lime manufacturing establishments in Ohio. O. Geol. 
sur., Bull. No. 4, pp. 355-59. 


Wormley, T.G. Analysis of coal of 2d Geol. Dist. Rep. Prog. 1870, pp 
99, 100-02, 106, 112-13, 115, 195-96, 207, 223-33. 

Analyses of iron ores. Geol. of O., v. 2, pt. 1, pp. 604-06. 

Iron ore analyses from the 2d geological district. Rep. Prog. 
1870, pp. 119-22, 165, 219-23. 
Analyses of minerals of 2d geological district. | Geol. of O., v. 2 
pt. 1, pp. 601--08. 

Report of the chemical department. Rep. Prog. 1870, pp. 403-62. 
Salt analyses. Geol. of O., v. 2, pt. 1, pp. 601-02. 

















Wright, Albert A. Mines in Holmes county. Geol. of O., v. 5, pp. 816- 
42. 


On the ventral armor of Dinichthys. Geol. of O., v. 7, pt. 2, pp. 
620-26. 





Wright, G. Frederick. Glacial boundary in Ohio. Geol. of O., v. 5, pp. 
750-69. 


Wyandot County. Bownocker. Geology. O. Geol. Sur., Bull. No. 1, 
p. 96. 


Bownocker. Oil production. O. Geol. Sur., Bull. No. 1, pp. 95- 
96. Crane township, p. 96. Crawford township, p. 95. Salem 
township, p. 95. 


Orton. Gaswells. Rep. 1890, pp. 174-82. 
Orton. Oil wells. Rep. 1890, pp. 220-22. 


Orton, Jr., and Peppel. Limestone resources of, important for 
lime industries. O. Geol. Sur., Bull. No. 4, p. 135. 


Winchell. Geology. Geol. of O., v. 1, pt. 1, pp. 625-39. Geo- 
logic map (colored), 2x10.8 cm. 


Winchell. Topography. Geol. of O., v. 1, pt. 1, pp. 625-26. 




















Yellow Kidney Ore. Orton. Yellow Kidney ore in Hanging Rock dis- 
trict. Geol. of O., v. 5, p. 433. 
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Zoar Limestone. Orton. Zoar limestone in Hanging Rock district. 
Geol. of O., v. 3, pp. 891-92. . 


Zoology. Kirtland. Report on collected specimens in botany and 
zoology in Ohio. Ann. Rep., v. 1, 1837, pp. 65-69. 


Kirtland. Zoology of Ohio. Ann. Rep., v. 2, 1838, pp. 157-200. 
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INTRODUCTION 





Having on hand, for private use, some three hundred references to 
the geology of Ohio, I was requested by Professor Edward Orton, Jr., 
State Geologist, to complete the bibliography as a natural accompani- 
ment to Part I, of this Bulletin. The work was undertaken, but must, 
on account of limited time, necessarily be regarded as little more than 
preliminary. In this connection I wish to state that I will be under 
great obligation if persons interested in this work will send in any 
further references to articles which have been overlooked. 

I desire to take advantage of this opportunity to acknowledge my 
indebtedness to the Bibliographic Bulletins of the United States Geo- 
logical Survey, to Mr. F. B. Weeks, Mr. Jesse E. Hyde and to all others 
who have kindly assisted me. 

M. W. P. 
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THE STATE GEOLOGICAL SURVEY. 


Andrews, E. B. [Ebenezer Baldwin]. 
Relation of the river terraces of southern Ohio to the drift and 
drift theories. 
Proc. Am. Assoc. Adv. Sci., vol. x11, 1860, pp. 319-321. 
—Rock oil, its geological relations and distribution. 
Am. Jour. Sci., 2d series, vol. xxxıı, 1861, pp. 85-93, map and 
sections. 
——Observations on a seam of coal. | 
Am. Jour. Sci., 2d series, vol. xxxvıu, 1864, pp. 194-199. 
Petroleum in its geological relations. 
Am. Jour. Sci., 2d series, vol. x11, 1866, pp. 33-43. 
—— Lower Carboniferous limestone in Ohio. 
Am. Jour. Sci., 3d series, vol. 1, 1871, pp. 91-92. 
—— [On peat bed under drift in Ohio. ] 
Am. Nat., vol. v, 1871, p. 522. 
Section along the Ohio from Adams to Lawrence counties. 
Proc. Am. Phil. Soc., vol. x1, 1871, p. 245. 
Part II, Report of labors in the second geological district during 
the year 1870. [Coal-measure district.] 
Abstract: Am. Nat., vol. v1, 1872, pp. 291-292. 
Geol. Surv. Ohio Rept. Progress in 1870, pp. 55-251, 1871. 
Report on second geological district. 
Abstract: Am. Jour. Sci., 3d series, vol. v1, 1873, p. 63. 
Rept. Geol. Surv. Ohio, vol. 1, 1873, pp. 225-364, maps. 
On the parallelism of coal seams. 
Am. Jour. Sci., 3d series, vol. v111, 1874, pp. 56-59. 
Cincinnati Quart. Jour. Sci., vol. 1, 1874, pp. 340-342. 
—A comparison between the Ohio and West Virginia sides of the 
Alleghany coal fields. 
Am. Jour. Sci., 3d series, vol. x, 1875, pp. 283-290. 
Proc. Am. Assoc. Adv. Sci., vol. xxiv, pt. 11, 1876, pp. 84-92. 
—— On the erosion of rocks. 
Am. Jour. Sci., 3d series, vol. x11, 1876, pp. 304-305. 
Discovery of a new group of Lower Carboniferous rocks in south- 
eastern Ohio. 
Am. Jour. Sci., 3d series, vol. xvıı, 1879, p. 137. 
[Proposed ‘corrections for a part of the geological atlas of Ohio.] 
Am. Jour. Sci., 3d series, vol. xvırı, 1879, p. 410. 























16—S. G.—Bull. 6. 
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Anon. 
Ten days in Ohio: from the diary of a naturalist. 


Am. Jour. Sci., lst series, vol. xxv, 1834, pp. 217-257. 





Miscellaneous observations made during a tour in May, 1835, to 
the falls of the Cuvahoga, near Lake Erie. 


Am. Jour. Sci., 1st series, vol. xxxı, 1837, pp. 1-84, 20 figs. 
Prairies of Ohio. 

Am. Jour. Sci., lst series, vol. xxxıu, 1838, pp. 230-236. 

From Western Monthly Magazine, Feb., 1836. 
New Trilobites. 

Am. Jour. Sci., lst series, vol. xxxıv, 1838, pp. 377-380, 3 figs. 
Notice of a geological map of the United States and the British 

provinces of North America by Jules Marcou, with explanatory 


text, geological sections and plates of fossils which characterize 
the formations. 


Am. Jour. Sci., 2d series, vol. xvıı, 1854, pp. 199-206. 


Discovery of the horns of an extinct species of ox in Ohio. 
Am. Jour. Sci., 3d series, vol. x, 1875, p. 386. 


—tThe paleontological labors of Prof. Joseph F. James. 
Am. Geol., vol. 1, 1888, pp. 323-327. 


—— The Columbian Exposition. Glacial drift and traces of Glacial 
man in Ohio. 


* Am. Geol., vol. x11, 1894, pp. 112-114. 


Anthony, J. G. [John Gould]. 
Fossil encrinite. 














Am. Jour. Sci., Ist series, vol. Xxxv, 1839, pp. 359-360. 





Description of a new fossil (Calymene Bucklandti). 
Am. Jour. Sei., Ist series, vol. xxxvI, 1839, pp. 106-107, 2 figs. 
—— On an impression of the soft parts of an Orthoceras. 
Quart. Jour. Geol. Soc., 1847, p. 256. 
Abstract: Am. Jour. Sei., 2d series, vol. v1, 1848, pp. 132-133, 
1 fig. 


Armstrong, C. 8. 
Coal. 
United States Geol. Surv., Min. Res. U.S. 1885, pp. 11-143. See 
p. 59. 


Ashburner, C. A. [Charles Albert]. 
Geologie distribution of natural gas in the United States. 
Eng. and Mining Jour., vol. xii, 1887, pp. 38 -39; 58-60; 76-77. 
Trans. Am. Inst. Mining Eng., vol. xv, 1887, pp. 505-542, maps. 
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Ashburner, C. A. [Charles Albert.] 





Coal. 
United States Geol. Surv., Min. Res. U. S., 1887, pp. 224-377. 
See p. 289. 
Coal. 
United States Geol. Surv., Min. Res. U. S., pp. 168-382, 1888. 
See p. 281. 


Atwater, Caleb. 
On the prairies and barrens of the west. | 
Am. Jour. Sci., lst series, vol. 1, 1818, pp. 116-125. 


—Notice of the scenery, geology, botany, etc., of Belmont county, 
Ohio. 
Am. Jour. Sci., Ist series, vol. 1, 1818, pp. 226-230. 


On some ancient human bones, etc., with a notice of the bones of 
the Mastodon or Mammoth, and of various shells found in Ohio 
and the west. 

Am. Jour. Sci., Ist series, vol. 11, 1820, pp. 242-246, 2 pls. 


Facts and remarks relating to the climate, diseases, geology and 
organized remains of parts of the state of Ohio, etc. 
Am. Jour. Sci., Ist series, vol. x1, 1826, pp. 224-231. 


Bancroft, T. B. 
Coke manufactures in Ohio. 

Ohio Min. Jour., vol. v, no. 2, 1887, pp. 30-38. 
Recent coal developments. 

Ohio Min. Jour., vol. v1, no. 3, 1888, pp. 40—46. 
Bannan, Benjamin, Daddow, S. H. [Samuel Harries] and. 

Coal, iron and oil, or the practical American miner. Pottsville, 808 
pp., maps, 1866. 











Bascom, Florence. 
A pre-Tertiary nepheline-bearing rock. 
Jour. Geol., vol. ıv, 1896, pp. 160-165. 
Classification of Ordovician strata in vicinity of Cincinnati, Ohio. 
Proc. United States Nat. Mus., vol. xxx, No. 1442, 1906, pp. 
1-66, pls. I-vII. 


Bassler, R. S. [Ray Smith], Harper, G. W. and. 
Catalogue of the fossils of the Trenton and Cincinnati periods oc- 
curring in the vicinity of Cincinnati, Ohio. Cincinnati, 34 pp., 
1896. 


Bassler, R. S., Nickles, J. M. and. 
Synopsis of American fossil Bryozoa. 
Bull. United States Geol. Surv., no. 173, 663 pp., 1900. 
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Baughman, A. G. 
The Bellville gold region. 
Ohio Arch. and Hist. Publications, 1904, pp. 83-87, 4 pls. 


Bean, W. H. 
Check and label list of Lower Silurian fossils found in the vicinity 


of Lebanon, Ohio. 


Bell, T. J. 
History of the water supply of the world. Geology Hamilton county. 


134 pp., Cincinnati, 1882. See pp. 93-102. 


Bendrat, T. A., Herrick, C. L. and. 
Identification of an Ohio Coal-measures horizon in New Mexico. 
Am. Geol., vol. xxv, 1900, pp. 234-242, 


Bigsby, J.J. [John Jeremiah]. 
[Strontianite bearing limestone on Lake Erie], 
Am. Jour. Sci., 1st series, vol. ıv, 1822, pp. 280-282, 


Birkinbine, John. 
The iron ores east of the Mississippi river. 
United States Geol. Surv., Min. Res. U.S., 1887, pp. 39-103. See 
p. 56. 
The production of iron ores in various parts of the world. 
United States Geol. Surv., 16th Ann. Rep., 1895, pt. m1, Min, 
Res. U. S., pp. 21-218, 15 pls. See p. 40. 


Blake, W. P. [William Phipps], Hitchcock, C. H. [Charles Henry], and.. 
Geological map of the United States. Statistics of mines and 
mining in the states and territories west of the Rocky moun- 
tains, 5th report, by R. W. Raymond, Washington, 1873. 
Statistical atlas of the United States based on results of the 9th 
Census, 1870. Plates x11, xıv, Washington, 1875. 
Petermann’s Mitteilungen, vol. xxı, 1875, pl. xvı. 
Special report Smithsonian Institution for the Centennial, Wash- 
ington, 1876. 
Atlas of the United States and the world by Gray, Philadelphia, 
1871. 
Reproduced (probably) by F. Ratzel, “Die Vereinigten Staaten 
von Nord-Amerika,” vol. 1, Munchen, 1878. 





Bourne, Amos. 
On the prairies and barrens of the west. 


Am. Jour. Sci., lst series, vol. 11, 1820, pp. 30-34. 


Bownocker, J. A. [John Adams.] 
The paleontology and stratigraphy of the Corniferous rocks of Ohio. 


Bull. Sci. Lab. Denison Univ., vol. x1, 1898, pp. 12-40, 7 pls. 
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Bownocker, J. A. [John Adams. ] 
A deep pre-Glacial channel in western Ohio and eastern Indiana. 
Am. Geol., vol. xx111, 1899, pp. 178-182, 1 pl. 


——History of the Little Miami river. 
Ohio State Acad. Sci., Special Papers, No. 3, 1900, pp. 32-45, 
map, 2 figs. 





The Corning oil and gas field. 
Ohio Naturalist, vol. ı, no. 4, 1901, pp. 49-59, 1 pl. 


The oil and gas producing rocks of Ohio. 
Jour. Geol., vol. x, 1902, pp. 822-838. [Ohio State] Univ. Bull., 
series 7, no. 3, (Geol. series no. 4), 1902. 


The central Ohio natural gas fields. 
Am. Geol., vol. xxxı, 1903, pp. 218-231, pl. xıv: [Ohio State] 
Univ. Bull., series 7, no. 13, (Geol. series no. 5), 1903. 


The occurrence and exploitation of petroleum and natural gas in 
Ohio. 
Eng. and Mining Jour., vol. xxvii, 1904, p. 268. 
Am. Geol., vol. xxxıv, 1904, pp. 261-262. 
Rept. Geol. Surv. Ohio, 4th series, Bull. no. 1, 320 pp., 6 pis., 
maps, 1903. 
Petroleum and gas producing rocks of Ohio. 
United States Geol. Surv., Min. Res. U. S., 1904, pp. 635-718. 
See p. 660. 
The salt deposits of northeastern Ohio. 
Am. Geol., vol. xxxv, 1905, pp. 370-376, 1 pl. 

















Brainerd, Jehu. 
On quartz pebbles of the sandstone conglomerate, and reasons for 
rejecting the theory of water detrition. 
Proc. Am. Assoc. Adv. Sci., vol. v, 1851, p. 222. 
Annals of Science, [Cleveland], vol. ı, 1851, pp. 235-236. 


——On some fossils of northern Ohio. 

Proc. Am. Assoc. Adv. Sci., vol. v1, 1852, pp. 304-306. 
Fossil fishes, [Chagrin Falls, Ohio]. 

Annals of Science, [Cleveland], vol. 1, 1853, pp. 18-19. 


Analysis of Berea sandstones. 
Proc. Cleveland Acad. Sci., vol. ı, 1874, pp. 144-146. 








Burke, M. D. [Milo Darwin]. 
Drift, its distribution and character in the vicinity of Cincinnati, 
when considered as a probable source of water supply. 


Jour. Cincinnati Soc. Nat. Hist., vol. x1, 1888-1889, pp. 69-75. 
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Byrem, Lawrence. 
A concise description of the geological formations and mineral 
localities of the western states, designed as a key to the geo- 
logical map of the same. 48 pp., Boston, 1843. 


Campbell, M. R. [Marius Robison]. 
Huntington folio, West Virginia-Ohio. 
United States Geol. Surv., Geol. Atlas U.S., folio no. 69, 1900. 
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|| _ 
| 18 |WBlack Hand formation (13)............55. Hicks '78 | 50-500’ 
| 
a ——————————————————————————— 
[een a = _ 
I 17 De formation (1#).............Newberry ’70 150-500’ 
| | . m [4 
| 16 | Sunbury shale (15)....... 0... cee eee eee Hicks '78 5-30 
IN | 
| | | 
Neda Berea gti ans ena aoe oameers Newberry '70 5-175’ 
) | | 
4 | 
14 'Bedford shale (16)............0.0 0 cee Newberry ‘70 | 50-150’ 
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Devonian. 


Upper Silurian. 


- (31) - - -' 


Lower Silurian. (32) 
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GEOLOGICAL SCALE OF OHIO — Coneluded. 


























| 
| No. Formation. Thickness. 
| Southern and Northern Ohio. 
| Central Ohio. 
| Cleveland shale, Newberry ’70 
| 13 |Ohio shale (18) Chagrin formation (19) 300-2600’ 
Andrews ’70 Prosser ’03. 
| Huron shale (20) Newberry ’70 

| 
| 
1 12 [Olentangy shale............... N. H. Winchell ’74 | 20-35’ 
i 
pp 2 
| 11 (Delaware limestone (21)................ Orton ’78 30-40 
| ee 
; | 
I 10 [Columbus limestone (22)........... Newberry 773 110’ 
| I 
3 ' I __.___ 
| Northwestern Ohio. 
| The formation is composed 
| of the three following members 
| in this part of the state: 
i 9 |Monroe formation Lucas limestone (24) 50-600’ 

| (23 Prosser ’03 
| | Lane ‘83 Sylvania sandstone 
| | " Orton '88 
Tymochtee member (9) 
I N. H. Winchell ’73 
LLALLL_L_- LLL 

| Northern Ohio. Southern Ohio. 

Hillsboro sandstone (26) Orton ’71 

| Cedarville limestone....Orton ’71 

S “Niagara group’? Springfield limestone. ...Orton ’71 | 150-350’ 

i (25) West Union limestone. .Orton ‘71 

‘Vanuxem °42. Osgood beds, (27) ....Foerste '97 
| | Dayton limestone. 
a 
| 
| 7 'Clinton limestone (28).............. Vanuxem °42 | 10-50’ 
i | | 
a 
Northern Ohio. Southern Ohio. Wells 
| 6 'Medina shale (7) the 3 (29) Belfast bed (30) 50-150’ 
| Vanuxem "42. Foerste °96 | Belfast 5’ 
a _ _ _Ä___-I|_____. 
' 5 18aluda bed (33). 222222 0.0.00 c cece cee eee Foerste "02 | 20’+ 
| | 
ae I Te 
| + ‘Richmond formation (34)........ N. H. Winchell and 
| E. O. Ulrich ’97 300’+ 
1 
ı 3 ‘Lorraine formation (35)............... Emmons ’42 | 300’ 
! | 
i | — 
I 2 [Eden ahaın (8B)... cee ee eee teen nes Orton ’73 250’ 
Ä | den shale (38). . on "4 
N u 
I LUT Bp Ve Vanuxem ’40 130’ 
! Ä rent On eatane (37) 
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The general equivalence of the formations shown in the preceding 
table to those listed by Dr. Orton in Volume VII of the Geological 
Survey of Ohio, is shown in the following table: 


GEOLOGICAL SCALE OF OHIO. 





Orton, 1895. 


Glacial drift. 

Upper Barren Coal Measures. 
Upper Productive Coal Measures. 
Lower Barren Coal Measures. 
Lower Productive Coal Measures. 
Conglomerate Group. 


Sub-carboniferous limestone. 





Logan Group. 


Cuyahoga shale. 


Berea shale. 


Berea grit. 


Bedford shale. 2 


Cleveland shale. 
Ohio shale. Erie shale. 
Huron shale. 
Olentangy shale. 
U pper ITfelderberg or Corniferous 
limestone. 





Lower Helderberg limestone, or Water- 


lime. 
Hillsboro sandstone. 
Niagara Guelph or Cedarville 
Group. limestone. 


Niagara limestone. 
Niagara shale. 


TT 


Clinton limestone. 


ae + u 


Medina shale. 


Hudson River Group. 


ee > 


Utiea shale, not seen in outerop. 





Trenton limestone. 





Prosser, 1905. 


Alluvium and Glacial. 


Dunkard formation. 








Monongahela formation. 





ee eS 


Conemaugh formation. 





Allegheny formation. u _ 
Pottsville formation. BO 


Maxville limestone. 


Logan formation. 
Black Hand formation. 


———— 


Cuyahoga formation. 





Sunbury shale. 


Berea grit. 


re 


Bedford shale. 


Cleveland shale. 
Chagrin formation. 
Huron shale. 


Ohio shale 


Olentangy shale. 





Delaware limestune. 
Columbus limestone. 


Monroe tor- [ Lucas limestone. 
mation. Sylvania sandstone. 
Tymochtee member(?). 
( Hillsboro sandstone. 
“Niagara } Cedarville limestone. 
group.” Springfield limestone. 


West Union limestone. 
Osgood beds. 


Clinton limestone. 
Belfast bed. 


Saluda bed. 
Richmond formation. 
Lorraine formation. 
Sden shale. 


— 


Trenton limestone. 
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tinctly characteristic Rothliegende species mentioned above, seems to 
fully justify the reference of the latter to the Rothliegende, the lower 
boundary of which may probably be safely drawn as low as the Wash- 
ington limestone, which is as yet the lowest observed Callipteris horizon. 
Further search in the floras of the lower beds of the Dunkard and in 
the Monongahela is necessary before the upper boundary of the Coal- 
measures can be definitely ascertained. The flora of the upper portion 
of the Dunkard is to be compared with those of the Stockheim and Cusel 
beds in Germany and of the series in the basin of Brives in France. . . . 

““Our highest Appalachian Paleozoic beds do not appear, so far as 
yet studied paleobotanically, to extend above the Lower Rothliegende 
of western Europe. The Zechstein, if originally present, as seems not 
unlikely, has long since disappeared. The reference of the greater part 
of the Dunkard to the Lower Rothliegende appears to be well founded ; 
but it seems to the writer as probable that the plants of the Upper Dun- 
kard or of the lowest of the terranes of western Europe that are now 
generally classed as Rothliegende are hardly of so late a date as the 
flora of the Artinsk stage of Russia. ’”" 

The Rothliegende is the older division of the Permian of western 
Europe, which is found typically in Germany. The Artinsk stage in 
Russia is referred by the eminent Russian geologist Dr. Tschernyschew 
to the Permo-Carboniferous; but by Dr. Frech and many other Euro- 
pean geologists it is considered as lower Permian. | 

The lower Washington limestone oecurs in the lower part of the 
Dunkard formation and at the typical losality at Washington. in south- 
western Pennsylvania, 117 feet above the top of the Waynesburg coal 
or base of the Dunkard formation. 

A number of European cevlogists have accepted Permian as the 
age of the Dunkard formation. and Dr. Frech states that the Dunkard 
Creek beds and Cassville plant shale, the latter of which is the shale at 
the base of the Dunkard formation immediately overlying the Waynes- 
burg coal. are the equivalent of the Cusel stage, which is the oldest 
division of the Lower Rothhegende of Germany. And in another sent- 
ence is the statement that the petrographical and paleontological simil- 
aritv of the Dunkard with the Rothliegende of western Europe is there- 
fore beyond doubt.” Dr. Kayser also puts the Dunkard in the Permian 
and he has made the following statement concerning its age: In the 
United States we find in the East (Virginia, Pennsylvania. ete.) in 
conformable layers upon the upper Carboniferous the so-called Barren 
Measures with Callipteris conferta, Taeniopteris and other Permian 
characteristic forms together with typical Carboniferous plants as rep- 
resentative of the Permian.® 





L Bull. Geol. Soc. Amer., Vol. 14. March, 1904. pp. 541, 
2 Tethaea geognostica, Th. T, Lethaea palaeozoica. Rd. 9, riet, 3, 1901, p. 546. 
3 Lehrbuch d. Geol. Formationskunde, Second ed., 1902, p. 264. 
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this sandstone is in question. According to the views of Dr. I. C. 
White, it probably represents about the lower third of the Conemaugh 
formation. Dr. White’s correlation is as follows: ‘‘The name Charles- 
ton sandstone was given to these beds [the Mahoning sandstone, which 
forms the lower part of the Conemaugh formation in Pennsylvania], 
and the overlying Buffalo sandstone, by the U. S. G. Survey in its 
Charleston Foho, but as the name Mahoning, given by the First Geo- 
logical Survey of Pennsylvania, from the Mahoniny river in that state, 
has priority, the new one cannot be adopted without violating one of the 
fundamental laws of nomenelature.’” On the other hand, Dr. David 
White and Mr. Campbell consider that the greater part or all of the 
Charleston sandstone belongs in the upper part of the Allegheny forma- 
tion. Dr. David White says: ‘‘It appears that the upper boundary of 
the representatives of the Allegheny series les some distance, probably 
over 200 feet, above the Black Flint.’’? The Kanawha black flint. which 
outcrops to the east of Charleston, West Virginia. marks the base of the 
Charleston sandstone, but it is not clear from Mr. Campbell’s descrip- 
tion whether he includes it in the Kanawha formation or the Charleston 
sandstone.2 Dr. Stevenson, however, states that ‘‘The ‘Kanawha black 
flint’ is the highest bed of the Kanawha formation.’’* Dr. David White 
also identified a small flora from near Clay, West Virginia, which he 
stated ‘‘may be from terranes, not later than the Freeport group,’” and 
finally Mr. Campbell in his paper on the ‘‘ Variation and equivalence of 
the Charleston sandstone,’’ has published diagrams showing that the 
horizon of this flora, which is marked B on the figures, occurs about 300: 
feet. above the Kanawha flint, or essentially at the top of the Charleston 
sandstone at its typical locality.® 

The 800 feet of shales and sandstones succeeding the Charleston. 
sandstone of the Huntington quadrangle are correlated with the Brax- 
ton formation by Mr. Campbell and represented as covering all that 
portion of southern Lawrence county. Ohio, to the east of Ironton, which 
is represented on this quadrangle. This formation was named in 1896 
by Taff and Brooks, from exposures in Braxton county in central West 
Virginia.” According to the opinion of Dr. I. C. White, this forma- 
tion, as described in this Folio, probably represents about the upper 
two-thirds of the Conemaugh and the lower part of the Monongahela 
formation. Following the correlation. however, of Dr. David White: 
and Mr. Campbell, its base corresponds essentially to that of the Cone- 
maush formation and it is uneertain whether it extends upward into- 
the Monongahela formation or not. 


IW. Va., Geol. Survey, Vol. IT, 1908, p. 307. 

"2 Bull. Geol. Soc. Amer., Vol. 11, 1900, p. 178, 

3 In the Charleston Folio it is apparently included in the Kanawha formation under the de- 
scription of that formation (p. 5, col 1); but un the "Columnar Section Sheet” it is given 
as apparently forming the base of the Charleston sandstone. 

Bull. Geol. Sec. Amer., Vol. 15, 1904, p. 164. 

5 Love. cit., p. 17%. 

S Tour. Geol, Vol. XT, 1903, p. 462 and sev statement on p. 467. 

7 Geologie Atlas of the United States, Buckhannon folio, No. 34, p. 2 and sheets. 
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1. Doctors Orton and I. C. White practically agreed in tracing 
the Lower Productive Coal-measures or Allegheny formation from the 
Ohio-Pennsylvania state line across the state to the Ohio river.! 

On the Huntington Folio, Mr. Campbell used the name Kanawha 
formation for the rocks below the Charleston sandstone, which occur on 
the southern part of the sheet.” This formation was described by Camp- 
bell and Mendenhall in 1896°; but the name was apparently preoccupied, 
for in 1877 Franklin Platt in his classification of the rocks that would 
be penetrated by a well ten miles in depth near Waynesburg. in south- 
western Pennsylvania, proposed the name ‘‘Kenawha [as he spelled it! 
river svstem,’’ from the river of that name in West Virginia. division 6 
of which he called the ‘‘ Kenawha Coal Measures.’’! The Pottsville eon- 
glomerate formed the upper part of the Kenawha river system and the 
Mountain limestone its base. so that the limits of the division differ con- 
siderably from those of the Kanawha formation of Campbell and Men- 
denhall. In ease it is held that Platt did not define this division with 
accuracy, and that the Kanawha formation of Campbell and Menden- 
hall ought to be accepted by prescription, then it is to be remembered 
that the name ‘‘ Kanawha black flint’’ was definitely applied by Dr. I. 
C. White to a subdivision of the Barren Measures, or Elk River series 
in 1891.° 

Regarding the correlation of the Kanawha and Allegheny forma- 
tions it may be said that Dr. David White has studied the flora of the 
Kanawha formation in its typical region and claims that the lower por- 
tion is older than the Allegheny formation®; while the flora of its upper 
part is “‘probably not higher than the Clarion group in the Allegheny 
series.’ ”7 

The horizon of the Upper Freeport coal, the top of the Allegheny 
formation, is indicated as between 200 and 300 feet above the Kanawha 
black flint. 

This paper has been very positively answered by Dr. I. C. White, 
who says: ‘‘During the present year [1901] I have attacked the prob- 
lem in question by direct tracing of the Upper Freeport coal and its 
associated strata from the Pennsylvania line along their eastern outcrops 
across to the Kanawha valley. In this I was entirely successful, and the 
result is a complete confirmation of my original conclusion with refer- 
ence to the horizon of the Upper Freeport coal on the Great Kanawha, 
namely, that it is the first one below the black-flint stratum, and hence 
this latter member belongs near the base of the Conemaugh formation, 


1QOrton; Rept. Geol. Surv. of Ohio, Vol. V.. pp. 1-228, and Vol. VII, pp. 276-28; I. C. 
White: Bull. U, S. Geol. Surv, No, 63, pp. 180-136, and West Virginia Geol. Surv., Vol. II, 
pp. 339-341, 370, 38a, 493, 500 HM. 

3 Folie 69, 1900, p. 4. col, 

3 Seventeenth Ann. Rept, {and sheers. Survey, Pt. II, p. 499. 

* Second Geol. Surv. Pa. >. ESS -XXVIL 

§ Bull. U’. S. Geol. Surv, is pt, j 

® Bull. Geol, Soc. Amer,” N N De “an, pp. 165-107. 

7 Ibid., p. 170. , ya \: 

8 Ibid., pp. 173-178. sy, } 
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or just above the top of the Allegheny, where my studies in 1884 first 
placed it, instead of near the base of the Allegheny, to which position 
Dr. David White has assigned it, on the basis of fossil plants.’”! 

Dr. I. C. White also states in this paper that in the red shale belt of 
the Conemaugh formation ‘‘occurs an important fossiliferous limestone 
horizon, the ‘green erinoidal limestone’ of the Pennsylvania series. which 
has been traced from central West Virginia northward to the Pennsy]- 
vania line and through southwestern Pennsylvania into Ohio [where it 
is known as the Ames limestone] and across that state without a break 
to where it re-enters West Virginia again at Huntington.’ 

-And finally he states that ‘‘the Pittsburg coal is found in the sum- 
mits of the hills only two miles north from Charleston,’’ West Virginia.® 

Later Dr. David White is reported to have said that ‘‘The further 
study of the floras indicates not merely that the middle of the formation 
| Kanawha] may be of Mercer age, but that beds up to within 125 feet 
of the ‘Black Flint’ are clearly referable to the latter group, while the 
basal Allegheny time boundary is probably very much nearer the level 
of the Black Flint.’’”* And finally he has reported that ‘‘The Mercer 
group and Connoquenessing sandstones [two members of the Pottsville 
formation] appear to represent by far the greater part of the Kanawha 
formation in southern West Virginia.’” 

Dr. I. C. White. in his Coal Report of West Virginia, has diseussed 
at length the correlation of the Coal-measure formations of southern 
West Virginia and especially the line of division between the Allegheny 
and Conemaugh formations. In general, he firmly adhered to his former 
interpretation®; but in the closing part of the report he is not so positive 
and states that Dr. David White’s view, ‘‘ while improbable from general 
considerations, is not impossible.’ 

This report was followed by Mr. Camphell’s paper on the *‘ Varia- 
tion and equivalence of the Charleston sandstone.’’ in which he claimed 
that it ‘‘is not equivalent to the Mahoning sandstone of Pennsylvania.’” 
Near the close of the paper is the statement that ‘‘If the writer has 
observed correctly (and the facts seem to be bevond question), it is 
possible for Dr. [I. C.] White to trave sandstone in outerop from the 
well-known Mahoning of Pennsylvania, to the Charleston of the Kana- 
wha valley. but that does not nevessarily mean that they are of the 
same age,’ 

Finally, Dr. Stevenson, in his memoir on the ‘‘Carboniferous of 


a -  e 


1 Ibid., Vol. 13, 1902, p. 122. 

2Jbid., p. 123. 

3 Ibid., p. 124. 

# Mendenhall’s Report of the 144th meeting of the Geological Society of Washington, 
Science, N. S. Vol. XVII, June 12, 1903, p. 942. . 

5 Bull. Geol. Soc. Amer., Vol. 15, June 1904, p. 281, f. n.* 

® West Virginia Geol. Survey., Vol. II, July, 1903, pp. 325-323, 333-336, 500-506. 

TIbid., p. 604 and see in this connection pp. 513-8. 

8 Jour. Geol., Vol. XI, September 1908, p. 461 and see the ‘“‘Diagramatic Section of the 
Charleston-Mahoning Sandstone,” Fig. 1, on p. 462. 

® Ibid., p. 468. 
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the Appalachian Basin,’’ critically considered the formations of the 
Kanawha valley and, in the main, apparently accepted the correlation 
of David White. Te said, ‘‘The Stockton coal bed [which is the first 
one below the Kanawha black flint, and was correlated by Dr. I. C. 
White with the Upper Freeport coal] is at the horizon of Kentucky coal 
6, which is the Lower Kittanning, being at only a few feet above the 
Ferriferous limestone. Doctor White’s sections, north from the Kana- 
wha, show conclusively that the Stockton cannot be higher than the Kit- 
taning horizon, so that it is in the lower portion of the Allegheny 
formation.’”! 

For an explanation of the adoption of Dunkard, Monongahela, Cone- 
maugh and Allegheny as formation names in Ohio, see a former paper 
by the present writer.’ 

Dr. I. C. White prefers to consider these terranes as series and 
writes me as follows: ‘‘I think the term series better describes the 
different divisions of the Carboniferous system, like Dunkard, Mononga- 
hela, Conemaugh, Allegheny, Pottsville, ete.. and have so used it in my 
coal volume.’”” Dr. David White also apparently prefers to regard 
these terranes as having the rank of series.* 

8. So far as the writer is aware the name Pottsville conglomerate 
did not first appear over the name of Professor Lesley, but on its first 
publication, in 1877, it is distinetly stated by both Ashburner? and 
Franklin Platt® that it is ‘‘proposed by the present State Geologist of 
Pennsylvania,’’ and the following year Professor Stevenson mentioned 
Professor Lesley’s name in crediting the authorship of the formation.’ 
In the Ohio reports this formation has generally been termed the Con- 
glomerate group. although Dr. I. C. White, as early as 1881, applied the 
name Pottsville conglomerate to the continuation of these rocks across 
the state line in Crawford county, Pennsylvania. Certain geologists, 
however, have thought that these rocks of Ohio and western Pennsyl- 
vania represented a longer time interval than the typical Pottsville con- 
glomerate of eastern Pennsylvania, and, hence, it has appeared doubtful 
whether the name Pottsville should be applied to the Ohio formation. 
At its base in northern Ohio is a conglomerate, or coarse grained sand- 
stone, which has generally been called the Sharon conglomerate, and is: 
perhaps equivalent to the Olean conglomerate of southwestern New York.. 
Regarding the stratigraphic position of this latter conglomerate, Dr. 
J. M. Clarke has written me as follows: ‘‘It may interest you to know 
with regard to the Carboniferous horizons that ..... Messrs. David 
White and Campbell have been over the field in Cattaraugus county and 


; Bull. Geol. Soc. Amer., Vol. 15, May p. 209. 
2 Am. Jour. Sci., 4th ser., Vol. xI an“ ad 191-200 and in particular p. 199. 
8 Letter of April 2, 1903. 
4 See Bull. Geol. Soc. Amer., Vol. . 306, and ibid., Vol. 11, p. 145, where in the titles 
of the two papers the term series follows the ‘terrane names of Pottsville, Kanawha and Allegheny.. 
5 Proc. Amer. Phil. Soc., Vol. XV 
® Second Geol. Surv. Pa., H2, p. vl 
7 Ibid., K®, 1878, p. 12. 
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they have convinced themselves that there is no longer any question of 
_the Pottsville age of the Olean. This determination seems to be based 
largely on the evidence of fossil plants.’”! 

This conelusion agrees with the statement of Mr. M. R. Campbell, 
apparently based upon the investigations of Dr. David White, regarding 
the age of the Sharon conglomerate of western Pennsylvania. Mr. 
Campbell says: ‘‘From the evidence afforded by fossil plants, Mr. 
White proves conclusively that about the beginning of the Pottsville 
epoch an uplift occurred, which affected much of the Mississippi Valley. 
A large land area was formed that extended as far east as the Broad 
Top basin and the Northern Anthracite field. This land area persisted 
until at least 600 feet of Pottsville sediments were deposited in the 
Southern Anthracite basin. A subsidence then occurred in the western 
part of the state. which allowed the Sharon conglomerate and its asso- 
ciated coal group to be deposited.’” 

Finally, Dr. Stevenson regards the correlation of the Sharon con- 
glomerate or sandstone and the Olean conglomerate as proven.’ 

Pottsville sandstone is used hy Mr. Campbell as the name of the 
formation in the Masontown-Uniontown Folio, in southwestern Penn- 
sVivania, and it now appears that there is sufficient evidence to warrant 
the application of the term Pottsville to the Ohio formation, as has been 
done by the U. S. Geological Survey.* 

9. In the later reports of the Ohio Survey. the following main 
divisions of the ‘‘Conglomerate group’’ were given as succeeding the 
Sharon conglomerate in the following order: Sharon coal, Lower and 
Upper Massillon sandstones, Lower and Upper Mercer groups and Home- 
wood sandstone, the last one named forming its upper part.° While in 
Pennsylvania. in Crawford county, along the Ohio line, Dr. I. C. White 
gave the Pottsville as composed in ascending order of the following divi- 
sions: Sharon, Connoquenessing., Mercer group and Homewood sand- 
stone. The Sharon division consisted in ascending order of a Conglom- 
crate, Lower shales, Coal and Upper iron shales and the Connoquenessing 
division of the Lower and Upper sandstones separated by the Quaker- 
town beds.* Dr. Stevenson considers that the Massillon and Conno- 
quenessing sandstones are equivalent, and states that the “Lower Con- 
noquenessing ... . . Is apparently the original Massillon of Newberry, 
though afterwards that term was applied to both divisions.’” The 
name ‘‘Massillon sandstone’’ apparently first appeared in Dr. New- 
berry’s ‘Section of the Lower Coal Measures of Ohio,’’ published in 
1874.8 and was rather imperfectly described in his ‘‘Report on the 


1 Letter of April 3), 100%, _ . 

2 Geologic Atlas U. S.. Masontown-Uniontown Folio, No. 82, 19%, p. 7. 

s Bull. Geol. Soc. Amer., Vol. 15, 1904, pp. 55, 56, 5%, 69, 206. 

* Twenty-second Ann. Rept., Part IIT, 1902, pl. NIT. 

5 Rept. Geol, Surv. Ohio, Vol. VIT, 1893. [1895], p. 36. 

6 Second Geol. Surv. Pa., O*, 1881, p. 55 and following ones. 

7 Bull. Geol. Soc. Amer., Vol. 15, 104, p. 78. Also see pp. 77, 82 and 205. 
® Rept. Geol. Surv. Ohio, Vol. II, Part I, p. 131. 
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Geology of Stark County,’’ published in 1878.1 The name Conno- 
quenessing sandstone was published by Professor Lesley in 1890,? and 
both divisions described hy Dr. I. C. White in 1881.3 

Finally, in the Charleston, West Virginia, Folio. which is the next 
quadrangle east of the Huntington one, Mr. Campbell has used the name 
Sewell formation for at least part of the rocks of the Pottsville age 
shown in that area*; but it is not known how much of the ‘‘Conglom- 
erate group’’ of Ohio is included in this formation. It was named in 
1896 by Campbell and Mendenhall, from the outerops near Sewell on 
the New river in southern West Virginia.’ 

In northern and central Ohio it appears probable that the Pottsville 
formation will be divided into at least two members. The lower one is 
the conglomerate or coarse sandstone, generally termed the Sharon con- 
glomerate, which is a conspicuous lithologie division. At present we 
are not prepared to propose a classification for the remaining part of 
the formation. 

10. In the later reports of the Ohio Survey, this division is usually 
called the Sharon conglomerate. Professor Lesley used the name 
“Sharon Conglomerate (Ohio Conglomerate) ’’ in the list of geological 
divisions for Lawrence county, Pennsylvania,’ and on page xxxiv, he 
states that the Sharon conglomerate ‘‘is undoubtedly part (or the whole) 
ef the Ohio Conglomerate.’’ Also on page 296 is a brief description by 
Dr. I. C. White, of the Sharon conglomerate as exposed near the town 
of that name. Of the two names used by Professor Lesley, Ohio was 
preoccupied as Andrews used it in 1870 for the Ohio shale; and it is a 
question whether Sharon was available, since Professor IH. D. Rogers, in 
1358. proposed the name ‘‘Sharon group’’ for the Sharon coal and 
associated rocks overlying this conglomerate. but apparently not inelud- 
ing it.) and in 1877 Dr. Stevenson followed Rogers in describing the 
Sharon coal group of western Pennsylvania.“ Professor Lesley also 
used the name Sharon conglomerate for the lower subdivision of ‘*The 
Conglomerate’? in his classification of that formation published in 1880.° 
On the same page it was stated that this division ‘‘has been extended 
eastward through Venango and Warren counties by Mr. Carll, who how- 
ever calls the Sharon conglomerate by its local name in his district, the 
Garland Conglomerate,” and still farther east by Mr. Ashburner who 
used the name ‘‘Olcan Conglomerate for the Sharon or Garland.’’ On 
the ‘Geological Map of Mereer county, [Pa.],’’ by I. C. White, dated 


te ee eee ee 


1Jbid. Vol. III, Part I, p. 166 and sce “Section of the Rocks of Stark County” on p. 155. 
2Second Geol. Surv. Pa., H®, p. VIII and see pp. 325, 326. 

albid., Qtepp. 55-58. 

4Geologic Atlas of the United States, Folio 72, 1991, p. 4 and sheets. 

5 Seventeenth Ann.- Rept. U. S. Geol. Surv., Part II, & AOS. 

@ Second Geol. Surv. Pe. Q?, 1879 (?), Preface, p. ANIX. 
7Geol. Pa., Vol. II, p. 489, 

® Second Geol. Surv. Pa, x3, p. 103. 

® [bid., H®, p. VII. , , 
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1879, it is stated in the ‘‘Explanation of Colors’’ that one represents. 
the ‘‘ Area of the Sharon (Ohio, Olean) Conglomerate.’”! 

The ‘‘Olean conglomerate’’ was formerly named and des:ribed by 
Ashburner, in 1880, in his description of the geology of McKean county.” 

The above statement is corroborated by Professor Lesley. for he 
has stated that ‘‘the Olean conglomerate received its name during the 
survey of McKean county, from the magnificent fragment of it at the 
rock city north of the state line, west of the town of Olean [N. Y.].’’® 

The above, however, was not the first usage of the name Olean for 
this conglomerate, for Professor Lesley, himself, in 1875 used the term 
‘Olean conglomerate (Garland) ’’ in referring to this member in north- 
western Pennsylvania.* 

Later, in the same report, Mr. Carll used the name ‘‘Garland con- 
glomerate’’ for the rocks capping the hills in the vicinity of Garland, 
Warren county, Pennsylvania (p. 45). I cannot say positively that the 
names Olean and Garland conglomerate made their initial appearance 
in geological literature in the above quoted instances. In 1875, how- 
ever, under the direction of Mr. Carll a spirit level line was run across 
northwestern Pennsylvania ‘‘for the purpose of connectedly tracing the 
several outcrops of Garland conglomerate, that they might thus be 
identified with cotemporaneous rocks in the state of New York on the 
one side and in the state of Ohio on the other.’’® 

As a result of this work Mr. Carll stated that the Garland conglom- 
erate ‘‘is apparently identical with the Olean conglomerate in McKean 
county; with the Sharon conglomerate in Mercer county; [and] with 
the Ohio conglomerate in Ohio,’ and the chapter is headed ‘‘The Gar- 
land (Olean or Sharon) Conglomerate.’” 

In Carll’s succeeding report he abandoned the use of Garland con- 
glomerate in favor of Olean conglomerate and in explanation said: ‘‘In 
Report I, I’, I’, I have used the term Garland conglomerate. It is now 
demonstrated that my Garland conglomerate is the Olean conglomerate 
of Mr. Ashburner’s report on McKean county, and I shall therefore use 
the latter term in this report.’’® 

Professor H. S. Williams apparently considered the Sharon con- 
glomerate in the Cuyahoga and Painesville sections as equivalent to the 
Olean conglomerate, for in those sections it is lettered H and in the 
paper is the statement that ‘‘H is the conglomerate (Olean and equiva- 
lent.) ’” In later papers in a section representing the geological forma- 

1 Ibid., Q?, 1889, and for description of the Sharon conglomerate sce pp 56-59. 

8 Ibid., R, p. 56 and see “General Vertical Section of the Rocks of McKean County” 
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written me as follows: ‘‘I have recently come into possession of an 
elaborate compilation of all the well sections in the region of McDonald, 
Pennsylvania, prepared by Mr. F. H. Oliphant, wherein the Sharon con- 
glomerate is made identical with the Olean.’” 

Dr. I. C. White would retain the name Sharon for this conglomerate 
and has written me to this effect. He says: ‘‘I do not think the use of 
‘Sharon’ for the conglomerate of that name is forbidden, because it had 
previously been given to a coal bed, since the things are so unlike... . 
I think ‘Sharon’ conglomerate, which applies only to a particular bed of 
the ‘Pottsville’ series, should stand, and not be replaced by ‘Olean,’ since 
the term ‘Sharon’ is older as applied to the stratum in question.’’? 

Regarding the age of the Olean and the question of its correlation 
with the Sharon conglomerate, Dr. David White has written as follows: 
‘*The Olean is shown to be Pottsville. It contains sufficient upper Car- 
boniferous plants to prove it to be Pennsylvanian; but not enough to 
strictly define its age beyond upper Pottsville............... 

“‘The correlation of Sharon and Olean is a working assumption 
based in part on circumstantial evidence, both formations being found 
in the same relation, beneath the thin sections of Pottsville, on the 
eroded lower Carboniferous. I have no conclusive proof that they are 
equal and represent the same formation. And. since over part of the 
way between Sharon and Olean the Connoquenessing seems to rest 
directly on the Pocono, I personally favor the use of Sharon, in con- 
formity with Dr. I. C. White’s usage, until satisfactory proof of the 
identity of Olean and Sharon may be established.’" 

Therefore, since there is vet some doubt regarding the identity of 
the Olean and Sharon conglomerates, the latter name is retained for the 
present for this member of the Pottsville formation in Ohio. 

11. From a study of the fossils of the Maxville limestone, Professor 
Meek was led to correlate it with the Chester limestone, the upper for- 
mation of the Subearboniferous or Mississippian series of the Mississippi 
valley. He said, ‘‘I can seareely doubt that we have in these local masses 
of limestone a representation of the Chester group of the Lower Carbon- 
iferous limestone series; though it is possible that there may also be 
some representation of the St. Louis limestone [the formation next older 
than the Chester] of the same series at some of the outerops.’’”* In gen- 
eral the above correlation was corroborated by Professor R. P. Whitfield, 
who later published an article with the title of ““ Species from the Max- 
ville limestone. the equivalent of the St. Louis and Chester limestones 
of the Mississippi valley.’” Recently Dr. Stuart Weller has studied a 
eolleetion of fossils from the northern extension of the Greenbrier lime- 
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stone in Fayette county, Pennsylvania, and stated that the fauna is 
essentially identical with that of the Maxville limestone in Ohio.’’ Fur- 
thermore he stated that the Maxville and Fayette county faunas ‘‘are of 
Genevieve age — a name which is used to inelude both the St. Louis and 
Chester or Kaskaskia of earlier authors. From the relationships of the 
faunas in the east it is not easy to determine to what portion of the 
Genevieve epoch the fauna belongs. The fauna of the Batesville sand- 
stone in Arkansas, however, is closely related to these and it lies at the 
base of the Kaskaskia, just above the St. Louis, and it will probably be 
safe to assume that the age of the Pennsylvania and West Virginia 
faunas is about mid-Genevieve.’’' In this article by Dr. Stevenson, he 
calls attention to the fact that the name Maxville limestone is older than 
Greenbrier limestone. Dr. Stevenson wrote as follows: ‘‘It is unfor- 
tunate that the name Maxville, applied to the limestone in Ohio, by E. 
B. Andrews in 1869, has been overlooked. ..... . The adoption of this 
name [in place of Greenbrier limestone] would be not only a recognition 
of the law of priority, but it would be also a just recognition of a faith- 
ful geologist, whose work, for the time was of high order.’” The follow- 
ing year Dr. Stevenson used Maxville as the name of one of the four 
formations which he recognized as composing the Lower Carboniferous 
or Mississippian series of the Appalachian basin,’ and correlated with it 
the ‘‘greater part of upper Newman and of upper Greenbrier in Vir- 
ginia.’’* 

Beneath the Maxville limestone, about two miles east of Rushville, 
Professor Andrews found about 27 feet of sandstone, shale and lime- 
stone before reaching the top of his Logan sandstone, to which he gave 
provisionally the name ‘‘ Rushville group.’’” As yet too little is known 
concerning this division to warrant an opinion regarding its stratigraphic 
rank. 

12. The name Logan formation is retained for that division, or its 
equivalent, which Professor Andrews in 1870 named the Logan sand- 
stone from outcrops in Hocking county, near Logan,° which was stated 
to overlie the Waverly conglomerate at Black Hand on the Licking river 
east of Newark and to extend down that valley ‘‘to a point between 
Pleasant Valley and Dillon Falls.’” In 1888 Dr. Orton united the 
Waverly conglomerate and Logan sandstone of Andrews to form the 
Logan group.® If it be advisable to make one formation of these two 
divisions, the above name is inappropriate, because the Logan sandstone 

ı Am. Geol., Vol. XXIX, 1902, pp. 247, 248. 

2 Ibid., pp. 243, 244. 

* Bull. Eon. Soc. Amer., Vol. 14, March, 1003, p. 06 and see pp.93-06. 
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18 ANNUAL REPORT 


of Professor Andrews clearly referred to the upper division only, as 
has been noted by Professor Herrick.’ 

13. Black Hand is the name given by Professor Hicks in 1878 to 
the deposits of coarse sandstone and conglomerate exposed at Black 
Hand, and in the gorge of the Licking river and about Hanover.? This 
division was named the Waverly conglomerate by Professor Andrews in 
1870;3 but Waverly was preoccupied, because Professor C. Briggs Jr., 
in 1838, proposed the name ‘‘ Waverly sandstone series’’ for the rocks 
occurring between the ‘‘argillaceous slaty rock, or shale stratum,’’ now 
known as the Ohio shale, and the ‘‘Conglomerate’’ which lies at the 
base of the Coal-measures, as exposed in the southern counties of the 
state to the east of the Scioto river.‘ Later Professor Andrews defined 
the ‘‘ Waverly sandstone’’ as ‘‘A group of sandstones and shales, meas- 
uring on the Ohio river 640 feet’’ and extending from the ‘‘Ohio Black 
Slate’’ to the base of the Subcarboniferous limestone in the Kentucky 
hills (now known as the Maxville limestone),5 which are the present 
limits of the Waverly series. Professor Andrews also correlated the 
conglomerate at Black Hand with that of the Waverly and gave its 
thickness at that locality as probably 50 or 60 feet.® 

14. Possibly later studies may decide that for eastern Ohio it will 
be better to drop the name Cuyahoga formation and use the classification 
of western Pennsylvania for the rocks between the top of the Berea grit 
and the base of the Olean conglomerate. which in ascending order are 
Orangeville shale, Sharpsville sandstone, Meadville shales, Shenango 
sandstone, and Shenango shales, all named and described by Dr. I. C. 
White in 1880,” with the exception of the Meadville shales, which was 
published in 1881,” and in the latter part he united the Shenango 
sandstone and Shenango shale to form the Shenango group.’ 

Professor H. P. Cushing, however, writes me as follows regarding 
this matter: ‘‘I do not believe that the Pennsylvania subdivisions can 
be made out west of Ashtabula and Trumbull, or even that they are 
well marked on the highland west of the Grand river, in those counties. 
Here in Cuvahoga the shales between the Berea and the conglomerate 
show only a two-fold lithological division, to the best of my knowledge, 
and the boundary occurs about half way up. The lower half consists 
of soft, blue-black clay shales with a few local flags, especially towards 
the base. On top of these comes a flaggy horizon, at what I take to be 
the Sharpsville level, followed by alternating shales and concretionary 
layers, with some flags .......... The basal shales are sparingly 

1 Bull. Geol. Soc. Amer., Vol. 2, 

s dm. Jour. Sct. and Arts, 3d Ser Vai XVI, 1878, pp. 216-217. 
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fossiliferous, a big Orbiculoidea most abundant, and impressing a lay- 
man as being a Sunbury fauna in depauperate condition. The flags and 
following shales hold a numerous fauna, pyritized and badly preserved 
in the flags, excellently preserved in the concretions, which form definite 
bands. ’”! 

Dr. Orton, in 1874, in his description of Pike county, in southern 
Ohio, stated that the next division above the ‘‘ Waverly black slate’’ 
(now called the Sunbury shale), ‘‘has for its chief characteristic the 
well-known and very valuable quarries of the Waverly system that lie 
along the Ohio River below Portsmouth. This subdivision has a definite 
base, viz., the upper surface of the Waverly black slate; but there is no 
characteristic stratum that constitutes a convenient superior limit. As 
the most valuable of the building rock, however, that is furnished by 
this part of the series in southern Ohio occurs within fifty feet of the 
slate, these fifty feet next above the slate may be somewhat arbitrarily 
taken as a subdivision. It may be designated as the Buena Vista section 
— the name being derived from a locality on the Ohio river that fur- 
nishes a large amount of stone of unequaled quality.’’? The writer has 
revived this name, defined the upper limit and used it for the lower 
member of the Cuyahoga formation in southern and central Ohio.? 

Again in southern Ohio in the Ohio river section below and above 
Portsmouth succeeding the top of the Sunbury shale, which is a very con- 
spicuously marked horizon, it is a matter of some difficulty to divide the 
remaining Waverly rocks into the formations which are so clearly 
marked lithologically in central Ohio. 

15. This shale was first recognized by Professor E. B. Andrews, in 
1870, from outcrops in the Ohio valley in Adams and Scioto counties and 
named the Waverly black slate.‘ The name Waverly, however, was pre- 
occupied at that time, since the ‘‘Waverly sandstone series’’ was pub- 
lished by Professor C. Briggs Jr., in 1838.5 In 1875 Meek in the explan- 
ation of a figure of Discina (Orbiculoidea) Newberry: Hall gave the 
oceurrence of the specimen as in the ‘‘Berea shale,’’* which is appar- 
ently the first usage of this name in a stratigraphic sense, although it is 
not probable that Meek intended to recognize the shale as a stratigraphic 
unit. This interpretation is supported by the fact that under the de- 
scription of this species Meek gave its geological position as ‘‘the Cuva- 
hoga shale.’’”’ In September, 1878, Professor Hicks named it the Sun- 
bury shale from exposures about two miles east of that town,® which is 
the first geographic term applied to this shale which can be retained 
as a formation name. In August of the following year Dr. Orton 


1 Letter of April 2, 1903. 

2? Rept. Geol. Surv. Gio, Vol. II, Part I, 626. 

® Im. Geol., Vol. XXXIV, 1904, pp. 341, se, foot note. 

4 Geol. Surv. Ohio, Re ep Progress in 1a [1870], Part II, p. 66. 

5 First Ann. Rept. ‘Geol. Surv. Ohio, 

ne Geo!. tury. Ohio, Vol. II, Part IL, Palzontology, Plate XIV, explanation Fig. 1d. 
i p. 27 

s Am. Jour. Sci., 3d ser., Vol. XVI, p. 216. 


20 ANNUAL REPORT 


stated that ‘‘no better name could be found for it than Berea shale’’ 
and this name was used for the formation in the succeeding reports of 
the Geological Survey of Ohio. Berea, however, as a formation name 
was preoccupied when used by Meek in 1875 or Orton in 1879, since 
it was used for the Berea grit by Newberry in 1870.? 

16. The formations from Nos. 14 to 19, inclusive, form the Waverly 
series. For a revision of the classification of this series in central Ohio, 
see a paper by Prosser, in Jour. Geology, Vol. IX, 1901, pp. 205-232; 
for an extended discussion of the Sunbury shale, see ibid., Vol. X, 1902, 
pp. 262-313, and for a further description of these formations in central 
Ohio see Am. Geologist, Vol. XXXIV, 1904, pp. 335-361. 

Bedford shale was named by Newberry in 1870* from the outcrops 
at Bedford, southeast of Cleveland, and fully described by him in 1873.4 
The term ‘‘ Bedford rock’’ appears in Richard Owen’s description of the 
geology of Lawrence county, Indiana, published in 1862;° but it was not 
used as the name of a geological division and was not described. The 
next occurrence of ‘‘Bedford stone’’ is in the Indiana report published 
in 1874, which it will be noticed is one year later than Dr. Newberry’s 
full description of the Bedford shale of Ohio, in which Professor John 
Collett described the ‘‘Geology of Lawrence county’’ and under the geo- 
logical division of the St. Louis limestone, which was composed of beds 
Nos. 24-17, inclusive, he stated that ‘‘bed No. 22 is the quarry bed which 
furnishes in unlimited supply the famous ‘Bedford stone’ so favorably 
known.’’® 

It is evident, however, on reading the report, that Professor Collett 
did not use the term ‘‘ Bedford stone’’ as the name of a geologic unit. It 
was, however, excellently described in 1896 by Hopkins and Siebenthal 
under the formation name of the ‘‘ Bedford oolitic limestone.’ Fin- 
ally, in 1901 Professor Edgar R. Cumings, of Indiana University, wrote 
as follows: ‘‘Since the term Bedford as the name of a formation is 
preoccupied, having been applied to the ‘Bedford shale’ of northeastern 
Ohio in 1870, the writer proposes the name Salem limestone for the 
rocks called Bedford limestone by Hopkins and Siebenthal.’’ It is the 
writer’s opinion concerning the formational names of ‘‘ Bedford shale’’ 
and ‘‘Bedford oolitie limestone.’’ that the former is the one entitled to 
stand and this opinion is sustained by the Committee on Geologic Names 
of the United States Geological Survey. The writer submitted the ques- 
tion to this committee and the following decision was communicated by 

1 Ibid., Vol. XVIII, p. 138. 

2 Geol. Surv. Ohio, Rept. Progress in 1869, p. 21. For a complete historical review of the 
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the Director, Hon. Charles D. Waleott: ‘‘(1) That Bedford rock was 
used by Owen in 1862 in a Report of Geological Reconnaissance of In- 
diana, 1859-60, p. 137, but the usage is so indefinite as not to constitute 
a pre-emption of the term for stratigraphic purposes. (2) Bedford shale 
is a term first employed by Newberry in Ohio Geological Survey Report 
of Progress, 1869, p. 21 and this usage should stand. Furthermore, it 
is understood here that Mr. Cumings has recently proposed to drop the 
name of Bedford limestone of Indiana, and substitute for it Salem lime- 
stone.’’' Both sides of this question were fully presented in the Journal 
of Geology, in 1901, by Siebenthal, Cumings, Prosser and Chamberlin.” 

17. The line of division between the Carboniferous and Devonian 
systems is in doubt as indicated by the dotted line on the chart. In 
recent years it has generally been drawn at the base of the Bedford 
shale, but Professor C. L. Herrick has indicated the line as high as the 
lower part of the Black Hand formation or perhaps even higher.” Dr. 
I. C. White writes me as follows concerning this point: ‘‘The red Bed- 
ford shale is undoubtedly of Catskill age, as is also the Berea sandstone 
and its overlying shale (I think) since it becomes red in passing east- 
ward. If you mean to class the Catskill as Carboniferous then your 
division is correctly drawn, but if you think the Catskill is Devonian, 
then the Carboniferous line should be drawn at the base of the Cuya- 
hoga. I am non-committal on the general question as to whether we 
should include the Catskill in the Carboniferous or not, but the red 
Bedford and the overlying Berea with its shale above (red at the east) 
are certainly of Catskill age.’’* 

18. David Dale Owen in giving a summary of the geology of In-. 
diana after stating that the soft freestone knobs of that state were 
equivalent to the Waverly rock of Ohio, said: ‘‘The black slate in the 
base of these knobs is the equivalent of the Scioto slates and shales.’ 

In the above reference Dr. Owen undoubtedly referred to the shales 
which were later named the Ohio by Andrews®; but it is thought that 
this casual use of the term ‘‘Scioto slates and shales’’ ought not to 
replace the definite one of Andrews, which is now a well known name 
in geological literature. 

In 1877 Professor Shaler, evidently unaware that Professor An- 
drews had named the black shale of southern Ohio the Ohio black slate, 
proposed as a new name for this formation Ohio shale.” 

In northern Ohio, equivalent to the Ohio shale of southern and 
central Ohio, are three formations, the lower and upper ones composed 
mainly of black shale and called the Huron and Cleveland shales, sepa- 

1 Jour Geol., Vol. X, 1902, p. 277, f. n. 
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rated by a mass of grayish shales and thin sandstones now called the 
Chagrin formation. 

19. This formation was named the Erie shale by Newberry in 
1870,! but it was preoccupied. Vanuxen in 1842 named one of the divi- 
sions of the New York system, the Erie, which was composed of the for- 
mations ranging from the Marcellus shale to the Chemung inclusive? ; 
while Logan in 1863 named one of the Quaternary formations of Ontario 
the Erie elay.? 

Finally, the name Girard shale, applied by Dr. I. C. White in 1881 
to a mass of Devonian shales in Ene county, in northwestern Pennsyl- 
vania,* is only equivalent to a portion of Newberry’s Erie shale. 

The name Chagrin formation’ was. therefore, proposed for this 
mass of argillacevus and arenaceous shales and caleareous layers on 
account of the excellent exposures on the banks of this river extending 
from Willoughby to the south of Pleasant Valley. With perhaps the 
exception of the cliffs on the shore of Lake Erie there are probably no 
finer outcrops of the formation to be found than those forming the steep 
banks of the Chagrin river. One and one-half miles south of Will- 
oughby is a cliff nearly a hundred feet high and a magnificent one more 
than a hundred feet high occurs a mile below Pleasant Valley, about four 
miles up the river southeast of Willoughby. 

20. The term ‘‘Huron shale’’ was proposed by Dr. Newberry in 
1870 for the ‘‘great mass of black, bituminous shale. designated by the 
former Geological Board as the ‘Black Slate.’ ’” 

Its outerop was described as forming ‘‘a belt from ten to twenty 
miles in width, reaching from the Lake shore [Erie] at the mouth of the 
Huron river, almost directly south to the mouth of the Seioto.’’ Its out- 
crop on the shore of Lake Erie was given as extending from east of 
Sandusky to Avon Point. The higher black shale outcropping near 
Cleveland was named the Cleveland shale, which was separated from the 
lower black shale or Huron by the Eric shale. It is now generally sup- 
posed that Newberry's Iluron shale in northern Ohio. although repre- 
sented on the *‘ Preliminary Geological Map of Ohio’’ accompanying the 
1869 report, as extending across the state from Lake Erie to the Ohio 
river, and in the southern part apparently comprising all of the black 
shale which Andrews, later in the same report, named the Ohio black 
slate. represents only the lower mass of black shale which occurs in the 
northern part of the state. It was not until much later than the above 
report that it was known that the top of the Ohio shale in southern Ohio 
corresponds with the top of the Cleveland shale and that Andrews’ 
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In the Ohio formations the ‘‘St. Clair shale’’ represents approxi- 
mately the rocks from the top of the Olentangy shale to the base of the 
Berea grit and therefore is neither synonymous with Newberry’s Huron 
shale, nor with Andrews’ Ohio shale. since the equivalent of the Bed- 
ford is included in the St. Clair shale. The name ‘‘St. Clair,’’ however, 
was preoccupied when used by Dr. Lane, because Dr. Penrose Jr., in 
1891 gave it to a Silurian limestone in northern Arkansas,’ and there- 
fore Lane has renamed the St. Clair the ‘‘ Antrim shales,’” 

In 1874 Mr. Wm. W. Borden named the black shale in southern 
Indiana the ‘‘' New Albany black slate’’;? but it is considered that this 
represents more nearly the thinned westward extension of the Ohio shale 
after crossing Kentucky, than Newberry’s IIuron shale. Outerops of 
the New Albany shale have been described by Dr. Kindle in the Wabash 
river region of northern Indiana to the westward of Logansport.‘ 

It does not appear to the writer that the term “‘Huron shale’’ of 
Newberry can stand as the name of this formation, for as Dr. Orton has 
said in discussing the name, “It would have served the interest of geo- 
lugical classification much better to have replaced the term altogether 
than to have restricted it to a small fraction of what it was originally 
made to cover.’’”” Neither does it appear that either of the other names 
is applicable for this shale. Further field work in northern Ohio is nec- 
essary before a satisfactory name and elassifieation can be proposed for 
these shales; therefore. for the present. the name ‘‘ Huron shale’’ is 
retained. 

In 1903 Dr. George H. Ashley published the statement that ‘‘at Mr. 
Hopkins’ suggestion the name ‘Turon’ has been adopted’’ for a group 
of the Lower Carboniferous rocks of southern Indiana. This name was 
clearly preoccupied for a geological formation and yet Professor T. C. 
Hopkins used it on his ** Geological Map of Indiana,’’ published in 1904, 
and gave a description of the formation under the heading ‘‘The Huron 
Group’’ in the state report of that vear.’ 

21. The local names of Delaware and Columbus limestones are 
used for the Devonian lmestones of Ohio instead of Onondaga (Comif- 
erous) of the New York classification, partly because it is probable that 
the Delaware limestone ought to be correlated with rocks of later age 
than the Onondaga limestone, viz.. the lower part of the Erian series of 
New York. The name Sandusky limestone antedated that of Delaware 
limestone by five vears, and when it was deseribed by Dr. Newberry, in 
1873. it was supposed to apply to the upper subdivision of the Ohio 
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Lewis Woolman’s article on ‘‘ Artesian Wells’’ in the New Jersey report: 
for 1900.! 

Dr. Heinrich Ries has used the term ‘‘Columbus sand’’ for this for- 
mation in his report on ‘‘The Clays and Clay Industry of New Jersey,’’?” 
which was also used by Professor Stuart Weller in his paper on ‘The 
Classification of the Upper Cretaceous Formations and Faunas of New 
Jersey.’’? 

The name Columbus bed or sand when published i in 1899 was clearly 
preoccupied by Columbus limestone of 1873 and hence it must fall. . 

23. In the Ohio reports this mass of limestone with some included 
beds of gypsum and sandstone has frequently been termed ‘‘the Lower 
Helderberg or Waterlime formation.’ The Lower Helderberg lime-- 
stones, however, now represent the Helderbergian series of the New 
York classification, while the Waterlime belongs in the next older series, 
the Cayugan. It has been clearly shown, however, by Mr. C. A. Hart- 
nagel that the Cayugan series of New York contains three distinct water- 
lime horizons, which are, in ascending order, the Bertie at the top of 
the Salina beds, the Rondout and ‘‘the Manlius waterlimes above the 
horizon containing what is now recognized as the Manlius limestone 
fauna.’ Mr. Hartnagel also shows that the Helderbergian series, Man- 
lius limestone and Rondout waterlime thin out and disappear before 
Buffalo, New York, is reached, where generally the Onondaga limestone 
directly overlies the Cobleskill limestone.* In the eroded surface of the: 
Cobleskill limestone are hollows containing deposits of sand, which most 
of the geologists who have recently studied this locality regard as repre- 
senting the horizon of the Oriskany sandstone.’ In the Buffalo region: 
the Cobleskill limestone directly overlies the Bertie waterlimes, which is 
the upper member of the Salina beds. The formations represented in the- 
vicinity of Buffalo, together with their stratigraphy, indicate that in a 
general way the deposits of this formation in Ohio may be correlated’ 
with the Salina beds of New York. 

The correlation of the Ohio formation, however, with that of New 
York is somewhat indefinite and it appears advisable to adopt the name: 
applied by Dr. Lane to these rocks in southeastern Michigan. The name: 
‘‘Monroe Beds’’ first appeared in a ‘‘Geological column’’ prepared by 
Dr. Lane and incorporated in a report of Dr. Wadsworth published in 
1893.8 In this publication the formation was not defined; but in 1895 it 
was fully deseribed by Dr. Lane and shown to include all the rocks be- 
tween the Niagara and Dundee limestones of Michigan.’ In 1894, how-- 


1 Jbid., Ann. Rept. State Geologist for 1900, 1901, p. 147. 

2 Jbid., Vol. VI Final Rept. State Geologist, 1%4, p. 153, f. n. 2 and p. 15%. 

3 Jour. Geol., Vol. XIIT, 1905, 75-76. 

* Rept. Geol. Surv. Ohio, Vol. wit pp. 4, 14. 

SN. Y. State Mus., Bull. 69, 1908, p. 1171. 

6 Jhid., p. 1130. 

7See Dr. Clarke in Mem. N. Y. State Mus., Vol. III, No. 3, 1900, p. W. 

& Rep. State Board Geol. Surv. for 1891 and 1802, p. 66. Dr. W adsworth states in a letter to. 
Dr. Lane that “the late winter gr early spring of 1893 was the date of publication.” 

P Geol. Surv. Mich., Vol. V, Part IT, pp. 26-28, 
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county from the Michigan state line to the Maumee river on the south. 
The same terrane was represented in Wood county, south of the Maumee 
river, and perhaps in some of the other counties of northwestern Ohio. 
The sandstone thickens as followed to the northeastward in Michigan 
and Mr. Sherzer gives it as 50 feet in thickness in Exeter township, 
Monroe county, the one immediately north of Lucas county, Ohio, while: 
still farther north it is given as ranging from 95 to 130 feet in thick- 
ness.® On Mr. Sherzer’s geological map of Monroe county the ‘‘Monroe 
beds’’ are represented. in five divisions and the only one to which a 
geographic designation is given is the Sylvania sandstone. The dolomitic 
limestone below the Sylvania sandstone are separated by an oolitic bed. 
which is given as about 100 feet below the sandstone and from twenty 
inches to two feet in thickness.? | 

It appears to the writer that the Monroe formation of northwestern 
Ohio may probably be divided into at least three members. For the 
upper one the name Lucas limestone is proposed from Lucas county, 
which it erosses from north to south. It may be studied at the typical 
locality in Sylvania township deseribed by Mr. Gilbert in 1873, where 
are the extensive quarries of the Toledo Stone and Glass Sand Company, 
and the place now named Silica, or in the banks of the Maumee river 
bordering Providence township. It ircludes all the rocks between the 
top of the Sylvania sandstone and the base of the Columbus limestone 
or the base of the formation which Dr. Lane in Michigan has named 
the ‘‘Dundee limestone.’’* The middle member is the Sylvania sand- 
stone of Dr. Orton which was called the ‘‘Oriskany sandstone’’ on the 
geological maps of Lucas and Wood counties. The rocks below the sand- 
stone are shown at various localities on both banks of the Maumee river 
from the vicinity of the Providence-Waterville township line, Lucas 
county, to Maumee. Provisionally this member is termed the Tymochtee, 
a name given in 1873 by Prof. N. H. Winchell to the thin bedded Water- 
lime exposed on the banks of this creek in Crawford township, Wyandot 
county.° The limits of the ‘‘Tymochtee slate’’ were not definitely fixed 
by Winchell and further investigation may render it inadvisable to. 
retain this name. Professor Winchell, however, used it for the thin 
bedded Waterlime in several of the northwestern counties and compared 
the beds of this character in Wood county with it.® 

Dr. Lane in his last Annual Report subdivides the Monroe forma- 
tion of Michigan into three divisions which are named in ascending 
order the Salina, Sylvania and Lucas.” It appears from his table that 


a 


1 Ibid., Vol. II, Part I, 1874, op 

2 Geol. Surv. Mich., Vol. VIL. Part I, 1000, p. 54. 

8 Ibid., p. 61. 

4 Mich. Geol. Surv. Rept. State Board for 1891, 1892 and 1893, p. 66; Ra Surv. Mich., 
Vol. V, Part II, 1895, p. 25; and Sherzer in tbid., Vol. VII, Part I, 1900 

5 Rept. Geol. Surv. Ohio, vol, I Part I, p. 633, 

6 Ibid., Vol. II, Part I, p. 

7 Rept. State Board Geol. Surv. Michigan for the year 1908, 1905, p. 288. 
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29. The Canadian Survey has shown that the Medina formation 
may be traced by surface outcrops from Niagara river across Ontario 
and along the western shore of Georgian bay.’ Later the red rocks pene- 
trated in deep wells in southern Ontario,’ the Lower Peninsula of Mich- 
igan,® and Ohio* have been referred to the Medina formation. Dr. Lane, 
however, stated that in Michigan the Medina shale ‘‘both lithologically 
and in the driller’s records, is quite as likely to go with those below it. 
It is really a transition bed.’’ There is evidently uncertainty regarding 
the age of the red shales penetrated in the oil and gas wells of north- 
western Ohio, but in the absence of positive knowledge they are left pro- 
visionally in the Upper Silurian and called Medina with a query. 

30. In 1896 Dr. Foerste named an ‘‘argillaceous limestone,’’ be- 
tween three and six feet in thickness, the Belfast bed from exposures 
near the small town of that name in the southern part of Highland 
county.® At that time it was supposed to represent the deposits ‘‘form- 
‘erly called the Medina’’ by Dr. Orton;’ but later Foerste learned that 
it was superjacent to them and made the following correction; ‘‘The 
four to five feet of sandy limestones which I here [in above paper of 
1896], for the first time, call the Belfast bed, are not the typical Medina 
rocks of Professor Orton and other writers on Ohio geology, and are 
therefore not the rocks formerly called Medina in Ohio.’ In the 
writer’s opinion it is a question whether the Belfast bed is of sufficient 
thickness and importance to be given the rank of a formation. 

31. At present whether the line of separation between the Upper 
and Lower Silurian should be drawn at the top or bottom of the Belfast 
bed is a matter of uncertainty. Dr. Foerste states, ‘‘I am not certain 
as to the age of the Belfast bed myself,’’ and he also says that ‘‘It is 
the only bed which may be Lower Silurian and which may be of Medina 
aage.’’> And in an earlier paper Dr. Foerste stated that ‘‘The Clinton 
formation of Ohio is the lowest formation in that state. belonging with- 
out question to the Upper Silurian. Between the Clinton of Ohio and 
the upper fossiliferous beds of the Cincinnati formation occur in many 
parts of the state a series of unfossiliferous beds which it is difficult 
to assign definitely either to the Upper or to the Lower Silurian.’’!® 

The fossils of the Belfast bed, as reported by Dr. Foerste, are Haly- 
sites catenulatus, a Clinton and Niagara coral not known in the Cinein- 
natian series of Ohio, Indiana, or Kentucky, annelid teeth which are 

1 Geol. Surv. Canada, Rept. Prog., from Commencement to 1863, pp. 312-321; and also see 
Atlas Geol. Map of Canada, 1864. 

: Brumell: ibid., Ann, Rept Voi TG, one re no. 30 and slates. * 

Orton: Rept. Geol. Surv. Ohio, Vol. VI, 1888. p. 11, etc., as well as in later reports 
-of the Ohio Survey. 

5 Geol. Surv. Mich., Vol. V, Part II, 30. 

Tier. Cin. Soc. Nat. Hist., Vol. XV I p. 164. 

8 Ind. "Bent, Geol. and Nat. Res., Twenty-fourth Ann. Report., 1900, p. 67. 


® Ibid., 
10 Jour. Cin ., Soc. Nat. Hist., Vol. XVIII, 1896, p. 163. 
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lain and Ontario.1 These two names have been given precedence by Dr. 
John M. Clarke — the present State Geologist of New York — over the 
names Lower Silurian or Ordovician and Upper Silurian or Silurian.? 
Finally in discussing this subject Dr. Clarke has made the following 
statement: ‘‘We should say alternately, Silurian or Ontarian, or to 
conform with recommendations of the International Congress of Geolo- 
gists Siluric or Ontaric. We should not say, however, Lower Silurie or 
Champlainic, but always Champlainic, for the original Silurian was only 
what is now known as Upper Silurian.’”® 

33. The mottled clays and thin arenaceous limestones which out- 
crop in southwestern Ohio and which in the Ohio reports have generally 
been termed the Medina shales — the lowest formation of the Upper Sil- 
urian in western New York — apparently belong in the upper part of 
the Lower Silurian. Dr. Foerste has studied these beds quite carefully 
and reports in them several species of fossils, which are of Lower Silur- 
lan age. He states that ‘‘It should be remembered that the identification 
of the Medina in Ohio has not only been solely lithological, but has been 
practically made upon the sole basis of color. Had the elays near the 
top of the Lower Silurian not had a single touch of red or purple color, 
it is probable that the name Medina would have never been applied to 
them.’’* While later in the same article it is stated that ‘‘The red, 
purple and otherwise colored clays below the Belfast bed and its equiv- 
alent are, however, Lower Silurian, as is shown by the presence in them 
of Lower Silurian fossils.’’* The fauna, as reported by Dr. Foerste, is 
not very extensive, and includes two brachiopods, Orthis (Hebertella) 
occidentalis, which is not known above the Richmond formation and 
‘‘Lower Silurian forms of Orthis (Platystrophia) biforata,’’” although 
it must be remembered that this species oceurs in the Clinton limestone, 
‘ “bryozoans of Lower Silurian age,’’ ‘‘annelid teeth such as are found 
in the Lower Silurian,’’ corals as Tetradium and stromatoporoid 
sponges.’ 

These rocks were named the Madison beds by Dr. Foerste in 1897, 
on account of the typical exposures at Madison, Indiana’; but the name 
was preoccupied as a geological term, for in 1875 Professor Irving named 
and described the Madison sandstone of Wisconsin. If this formation 
be a synonym for the Jordan sandstone which was named and described 
by Professor N. H. Winchell in 1874, then the name Madison is still pre- 
occupied, for it was applied by Dr. Peale in 1893 to a Carboniferous 
formation of Montana. Dr. Foerste in some of his reports has used the 
name Cumberland sandstone, which was applied by Shaler in 1877 to the 





1 Emmons; Geol. Y., Part IT, p. 429, and Vanuxem, ibid., Part III, p. 13. 
2 Handbook 19, N. N. State Mus., 1903, pp. 9-12. 

s High 08 ‘Bull. 25, [N. Y.], Proc. Eighth Ann. Con. N. Y. State Science Teachers’ 
Asso., Dec. 1903, 

rn Dept. Ceol. and Nat. Res., Twenty-fourth Ann. Rept., 1900, pp. 67, 68. 

8 

6 Jour. Bi, Soc. Nat. Hist.. Vol. XV III, 1896, p. 165. 

T Ind. Dept. Geol. and Nat. Res., Twenty-fourth Ann. Rept.. 1900, pp. 65, 66. 

8 Ibid., Twenty-first Ann. Rept., "1896. pp. 218, 220. 
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upper part of the Lower Silurian rocks exposed along the Cumberland 
river in southern Kentucky, as apparently equivalent to the Madison 
beds ; but in a late paper he states ‘‘that the term Cumberland sandstone 
includes a much larger series of roeks than the name Madison bed.’” 
Finally he gives his opinion ‘‘that the major part of the rock designated 
as the Cumberland sandstone by Professor N. S. Shaler must have been 
of Lorraine age. and if any part of the Richmond is to be included under 
this name this is due rather to accident than to the original intention 
of the author.’ In this paper Dr. Foerste recognized that the name 
Madison was preoccupied and stated, ‘‘It is therefore considered desir- 
able to change the name of the beds at the top of the Riehmond, hitherto 
called the Madison beds; the name Saluda bed is therefore introduced, 
taken from Saluda creek, six miles south of Hanover [Jefferson county], 
Indiana. ’”’ 

Mr. John M. Nickles believes that Madison ought to be retained as 
the name of these beds as may be seen from the following quotation; 
“The first use of the name Madison for a geologic formation was by 
Borden in 1874, a vear before Madison was applied to a Potsdam forma- 
tion in Wisconsin (Fifth Ann. Rep. Geol. Sur. Indiana, 1874, p. 139). 
He used it in a vague way for the Cincinnati group in southeastern In- 
diana, Mr. Foerste’s use of Madison is then tantamount to a revival of 
an old term, but with a more preeise, restricted application, and in the 
writer’s judgment the name Madison should be retained.’’* The exact 
statement of Borcen, however, is as follows; ‘‘The general character of 
the Madison rocks, which belong to the Cincinnati group (in great force 
at Cincinnati), (Hudson River so called, from being found on the Hud- 
son River, N. Y.), as exposed on the bluffs of Camp Creek, are a thin 
stratified dark blue crystalline limestone, with intermediate layers of a 
lighter colored coarse grained limestone.’ It will be seen from the 
above quotation that Borden did not use the term ‘‘ Madison rocks’’ ‘‘in 
.a vague way for the Cincinnati group,’’ but clearly considered them as 
only a part of that group. In the writer’s opinion, however, the term 
was not used as the name of a definite geological division and in any 
case was too imperfectly limited and described to be revived and replace 
later and definitely described formations of the same name. 

The writer is not certain that this bed in Ohio merits a separation 
from the Richmond formation, as is indicated by the dotted line on the 
chart. In fact Dr. Foerste states that ‘‘There is no doubt that in 
‘southern Indiana and northern Kentucky the Madison beds are merely 
the upper unfossiliferous part of the Richmond group,’’ and in pro- 

1 Bull. Geol. Soc. Amer., Vol. 12, 1901, p. 436. 

2 Am. Geol., Vol. XXX, December 1902, p. 368 

‘dm. Grol, Vol. XXXII, 1908, p. 210, fun 

nd., 1 


5 Fifth Ann. Rept. Geol. Surv. p. 139. 
6 Bull. Geol. Soc. Amer., Vol. XII, 1901, p. 436. 
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posing the Saluda bed he speaks of the hitherto called Madison beds as 
‘Sat the top of the Richmond.’” 

Mr. Nickles refers the Belfast bed to the Madison.’ which he con- 
siders a formation.” The Richmond he ranks as a group* and divides 
it into four subdivisions of which the Madison is the highest.’ 

34. The rocks of southwestern Ohio described in the later volumes 
of the Ohio reports under the name ‘‘ Hudson River group or series’’ are 
here given as the Richmond and Lorraine formations and Eden shale. 
Clarke and Schuchert did not use Hudson River in their revised classi- 
fication of the New York series and formations in 1899, stating that ‘* It 
is becoming increasingly evident that the great mass of shale in the Mo- 
hawk and Hudson river valleys which was designated at an early date by 
this term [Iludson River beds] is resolvable into horizons extending 
from the middle Trenton to and including the Lorraine beds. At pres- 
ent it seems unlikely that when this determination of horizons has been 
carried through the series any part will remain to which the original 
term can be applied by virtue of its distinctive fauna, though it may 
still serve to designate a facies of the formations mentioned.” Finally, 
Dr. Ruedeman. after an exhaustive study of the Hudson River beds near 
Albany, N. Y., has reached the conclusion that ‘‘On account of the faet 
that the mass of beds hitherto called Hudson River shales and correlated 
with the Lorraine beds of central New York. is composed of terranes 
ranging from the Lorraine to the lower Trenton, and on aceount of the 
lack of a fully representative fauna and of a complete section of the 
Lorraine portion of these terranes, it is proposed to drop the term ‘ IInd- 
son river shales.’ for the uppermost part of the Lower Silurie. and the 
term ‘Hudson river group.’ for the Utica and Lorraine beds.’ Clarke 
and Schuchert have adopted Cineinnatian as the name for the series and 
period composed of the Utica, Lorraine and Richmond formations* and 
Mr. Nickles has given an excellent historical account of the names used 
for the Lower Silurian formations of Ohio.’ 

The upper division of the *‘Cincinnati group" was named the ‘* Leb- 
anon beds’? by Dr. Orton in 1873;'° but the name was preoccupied. for 
Professor Safford in 1851 had applied it to a still older limestone of 
central Tennessee, using it for the two upper divisions of his Stones 
River group.) For the above reason Professor N. H. Winchell and Mr. 
E. O. Ulrich in 1897 renamed it the Richmond group on account of the 
excellent exposures at Richmond, Indiana.". 

lm. Geol... Vol. NNN, MMP, op. 360. 

= /bid., Vol NNNIT, 1908, p. 212. 

3 [bid., pp. 202, 210, 

4 Ikid., p. 208. 

HR Vol. X, p 97. 

7 Rull. N, Y. State Mus., No. $2, Vol. 8, 1901, p. 38s, 

> Science, N. S., Vol. X, 1899, p. 876. | 

® Jour. Cin, Soc. Nat. Hist., Vol. XN, 1902, pn. 52-67. X briefer account of the names 
used for thy see visions OF the Umeinnati group in Ohio” by Dr. Foerste may be found in the 

1% Rept. Geol. Surv. Ohio, Vol. T, Part T, p. !7t. 


Woody, Jour. Science, 2d ser.. Vol. NTE. nn. 353-352. 


12 Geol, Alinn., Vol. III, Part II, pp. LNNNIN, CIT. 
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opposite Cincinnati, or Ulrich’s XIa, was correlated with the ‘‘ Trenton: 
group.’ In 1902, however, Ulrich and Schuchert stated that they re- 
garded ‘‘the Middle and Upper Utica of Nickles’ Cincinnati section’’ as 
equivalent to the Frankfort shales of New York [which is one of the 
early terms applied to the local development of the Lorraine in central 
New York] stating that ‘‘the typical Utica’’ barely reaches Cincinnati, 
‘‘though something like 300 feet thick in northwestern Ohio.’’® In 1904 
Ulrich published ‘‘A Standard Time Scale of the Ohioan Province’’ in. 
which the following classification occurs: 


Richmond. 
Lorraine. 

Eden or Frankfort. 
Utica’ 


Cincinnatian 


Dr. Foerste has revived the name Eden for this formation, concern- 
ing which he has written as follows: ‘‘The name Eden, well defined: 
by Orton in the first volume of the ‘Geology of Ohio,’ published in 1873,. 
is revived for the strata which in the ‘Geology of Cincinnati’ are identi- 
fied as Utica. Whether the clay bed, four or five feet thick, containing: 
Triarthrus becki, at the base of the Eden division should be included in 
the Eden or not, is a question which requires further study. On the 
supposition that Triarthrus becki proves this clay layer to be of the 
"same age as the Utica of New York, and that the Eden beds represent 
a later stage of deposition than the Utica of New York, the clay bed 
eontaining Triarthrus becki should be excluded from the Eden division.® 
The writer, however, is not prepared to assert that the clay bed in 
question is the only representative at Cincinnati of the considerable. 
thickness of black shales struck in the gas and oil wells of northern Ohio,. 
aand there identified as Utica.* 

37. The lower 50 feet of rocks exposed on the southern bank of 
the Ohio river opposite Cincinnati were correlated with the Trenton 
limestone of New York by Winchell and Ulrich in 1897° and the same: 
formation is exposed on the northern bank of the Ohio river in Clermont 
county, particularly in the vicinity of Point Pleasant. Mr. Nickles also- 
refers these beds at both localities to the Trenton formation.*® 

Fifty feet of rocks in the vicinity of Point Pleasant were named 
the Point Pleasant beds by Dr. Orton in 1873' and this name is used 
by Dr. Foerste in his 1905 article. He states that ‘‘the total thickness 
of rocks to be included in the Point Pleasant beds, if this name is to 
be retained, probably should be approximately one hundred feet.’’® 


1 Ibid., p. CII, f. n.* 

fn. Y. State Mus., Bull. 52, p. 648. 

32T, S. Geol. Surv., Professional Paper No. 24, ‘Correlation Table” op. p. 90. 
* Science, N. S., Vol. NIT, Aug. 4, 1905, p. 150. 

5 Geol. Minn., Vol. III. Part II, pp. NCVITI, CTI. f. n.* 

° Jour, Cin, Soc. Nat. Ifıst., Vol. XX, 1902, pp. 60-62. 

T Rept. Geol Surv. Ohio, Vol. I. Part I, p. #72. 

8 Science, N. S., Vol. XNNII, Aug. 4, 1905, pp. 151, 152. 
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Figure 1.—Map of Eastern Ohio. 
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traders. The Virginia colonists knew of them at least as early as 1759. 
In 1795 a company of white salt boilers settled on the licks, and the 
camp is said to have grown quite large before the close of the century.? 

Officials of the federal government soon learned of the licks. and 
prompt action was taken to prevent their falling into the hands of 
parties who might make a monoply of them. Thus in 1796 Congress 
passed an act providing for the sale of lands northwest of the Ohio 
river, but expressly reserved for future disposal the area containing 
these licks. No arrangement was made, however, for operating the 
licks, but this was done a few vears later when the territory hecame a 
state. 

Early wells at these licks were quite shallow, varying from 20 to 30 
feet in depth. The brine was correspondingly weak. from 600 to 800 
gallons being necessary to make a bushel of salt. The product had a 
dark color and was otherwise inferior, but it was so much better than 
none that it commanded a high price. 

Other pioneer wells were located on Salt creek about nine miles 
southeast of Zanesville. on Duck creek in Noble and Washington eoun- 
ties. and in the valley of the Muskingum. In all of these the salt 
industry started near the beginning of the nineteenth century, probably 
about the time of the state’s admission into the Union. It is worthy of 
mention in this connection that several of these wells demonstrated the 
presence of petroleum and natural gas, though advantage was not taken 
of the discovery. 

April 30, 1802, Congress passed the enabling act preparatory to 
Ohio becoming a state. the act providing among other things, that an 
area of 36 square miles containing the Scioto salt springs shall be 
granted to the state for the use of its inhabitants. The legislature was 
empowered to frame reculations governing the use of the licks. The 
whole object seems to have been to prevent individuals or companies 
from obtaining a monoply of them. 

The first state legislature met March Ist, 1803, and soon considered 
leasing the salt licks. An act became a law April 13. 1803. which 
provided : 

(1) That the state shail keep an agent for one year at the licks. 
who shall issue lizense to salt makers, collect the rent. study the geology 
of the region. and in other wars look after the state’s interests. 

(2) That no person or company shall use more than 120 kettles. 

(3) That persons making salt shall pay to the agent three cents 
per gallon. payable quarterly. on the capacity of the plant. 

April 14. 1803, the two houses met together and elected James 
Denny agent as provided for in the act referred to above. 

In January, 1804, a second act relating to the licks was passed. 


- «—— — — —_ — 
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This described more specifically the lots that might be rented for salt 
purposes, fixed the rent at four cents per gallon, and required the agent 
to inspect the salt. The rent was changed February 20th. 1805, to 
two cents per gallon; February 13, 1808, to one cent per gallon; and 
January 19, 1810. to one-half vent per gallon. , 

The quantity of salt produced did not meet the expectations of the 
legislators, and an act was passed February 17th, 1812, to encourage 
deeper drilling. Similar acts were passed in 1813, 1814, and 1815, the 
last requiring a depth of 350 feet. It is reported that the honest driller 
went 100 feet deeper than the law required. A stronger brine was 
found. but the quantity was not ample. 

According to Llildreth, the region was at its zenith of activity from 
1806 to 1808, when twenty furnaces were in action, each averaging from 
fifty to seventy bushels of salt per week. When stronger brines were 
found on the Kanawha and other localities the Scioto licks were at a 
disadvantage, the result being that the industry languished and was 
finally abandoned. 

In 1818 the legislature announced that the salt licks were no longer 
a success, and asked Congress to permit the state to sell the land. This 
request was not granted until the closing days of 1824. In June, 1826, 
a three days’ public sale was held and all lands not sold during that 
time were disposed of privately. 

The act of Congress which provided that the Scioto salt licks should 
be reserved by the state also provided that where other licks were found, 
the enclosing land, 640 aeres in area, should in a similar manner be 
retained by the state. Under this provision it appears that one tract 
was reserved on Salt creek in Muskingum county, and another one in 
Delaware county. These three localities were the only ones in Ohio 
known at that time where salt. licks existed. These tracts also seem to 
have been disposed of by the state in 1826.! 

It is said that as late as 1808 the wells penetrated the mantle rock 
onlv. The first effort to secure brine in bed rock is reported to have 
been made in the valley of the Great Kanawha, near Charleston. At 
first these wells reached depths ranging from 70 to 80 feet, but later 
extended to 350 feet. The brine was found to increase in strength with 
the depth. a discovery of great importance. In some places, however. 
deep wells were not a suceess. for exainple those of the Scioto salt licks. 

In 1S'7 drilling began in the Muskingum valley, the first well 
having been located a few miles below Zanesville. Two years later a 
well was drilled in this town. water furnishing the power. These wells. 
however, scem never to have been profitable. Farther down the valley 
results were more favorable, wells existing at short intervals for a dis- 
tance of 30 miles. Finding that the streneth of brine inereased with 
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the depth, wells were drilled 850 feet deep, when a brine of such strength 
was found that a gallon made one pound of salt. By 1833 this valley 
is reported to have produced between 300,000 and 400,000 bushels per 
year. 

Among other places producing considerable salt at about that time 
may be mentioned Yellow creek, Culumbiana county, the valley of 
Hocking river in Athens county, and Leading creek, in Meigs county. 

Drilling in those days was a laborious process. A hole from four 
to six feet in diameter was dug through the surface material into the 
bed rock. Into this hole, called the *‘head,’’ was placed a hollow syca- 
more log known as the ‘‘gum,’’ or in its stead a rectangular tube con- ~ 
structed of planks to exclude surface water. At the lower end of this 
drilling began. In early years the spring pole was used, men furnishing 
the power. This was succeeded by the treadle, a horse doing the work. 
In still later vears steam was used. During the first part of the century 
work continued as a rule day and night, the men working in shifts or 
tours of six hours each. Progress was very slow. It is stated that six 
feet were considered a large day’s work. Caving was usually prevented 
by the insertion of a copper tube, though it does not appear that long 
strings of this tubing were used. 

The salt was made bv evaporating the brine in large iron kettles, 
each holding from 60 to 80 gallons. These were set in a row over a flue 
which terminated at one end in a chimney. The fuel was wood taken 
from the adjacent forests. 

The brine was pumped from the wells into a tank construeted of 
wood, and connected by tubes made of the same material with the 
kettles. After having been boiled for a time the brine was dipped into 
a cistern where it was allowed to cool and settle. In this manner such 
material as had been mixed with the water in a mechanical way was 
deposited, and also the oxide of iron, which was at first dissolved in the 
brine, but was made insoluble by boiling. 

When the settling had been completed the brine was again con- 
veyed by wooden tubes to certain ones of the row of kettles, known as 
““grainers.’’ Into these was thrown a small quantity of elay which 
served as a nucleus for any remaining impurities. the whole being 
skimmed from the surface of the kettles. Beef’s blood soon took the 
place of the clay, and this crude method is still followed in one small 
plant. . 

When salt had been precipitated in the kettles by boiling. it was 
thrown into ‘‘drainers,’’ and the mother liquor, containing principally 
calcium chloride, drained off. The salt was then dumped into a shed 
known as the ‘‘salt house,’’ and the drying completed. It was then 
barreled and marketed. 
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Il. EXPANSION OF THF INDUSTRY 


The industry grew rapidly and soon extended far beyond the areas 
already mentioned. The furnaces have long been abandoned, even the 
location of many having been forgotten. Under such conditions little 
more can be now done than to mention the principal localities. 


Columbiana County.— If this was not the northernmost county 
producing salt. it certainly was the most northern important producer. 
The village Salineville, situated in the southeastern corner, was an early 
center cf importance, and the same is true of the valley of Little Beaver 
on the east side of the county. A number of wells formerly existed in 
the valley of the Ohio between East Liverpool and Wellsville. A small 
quantity of salt was still made in this locality in 1876. In 1888 onlv one 
salt furnace was in operation in the county. This was located a few 
miles east of Lisbon, and was owned and operated by the New Lisbon 
Salt Company. The plant was built in 1868, and had a daily capacity 
of 65 barrels. The brine had a density of 10° B., and was supplied by 
two wells. one having a depth of 630 feet and the other 687 feet, the 
well heads being at the horizon of the Freeport coals. The bittern 
waters were used either as a fertilizer, or were allowed to waste.’ The 
salt was sold principally in the vicinity. The plant was abondoned about 
fifteen years ago. 


Tuscarawas County. — The salt industry in this county began in 
1865. the first furnace having been located at Canal Dover. The wells 
started at the horizon of the Kittanning coals. and were about 900 feet 
deep. The brine had a density of 10° B., seven barrels having been 
necessary to produce one of salt. 

Some bromine was found in the brine. After the salt had been 
precipitated, the remaining liquid was evaporated to a density of 45°B, 
and then distilled. One hundred and eighty gallons of this bittern 
vielded from fourteen to fifteen pounds of bromine.? Todine was also 
present, but was not separated, owing to the expense. 

In 1888 there were three furnaces in this vieinitv having a com- 
hined daily capacity of from 180 to 260 barrels of salt,? The latter was 
handled by the Tuscarawas Valley Salt Company. the market being prin- 
eipally in the adjacent territory. As the price of salt fell lower and 
lower the operators found the profits growing smaller and smaller, until 
the industry could no longer be conducted with profit. Finally. about 
1890 the furnaces were closed. 


Morgan County. — The valley of the Muskingum which crosses the 
county from north to south is one of the oldest producers in the state, 
It appears that several furnaces were in operation as early at least as 
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1825. The brines, however, were weak, having a density of only 714° B. 
Moreover, when the supply of wood became inadequate and coal was 
necessary, the furnaces were at a further disadvantage because the coal 
had to be transported some distance, thus adding to the expense. Since 
the Civil War the industry has declined until at present (1905) one 
furnace alone remains. 

This is located at Durant on the Muskingum river in the extreme 
northern part of the county. As late as the summer of 1903 the furnace 
was of the type of that a half century ago, and was known as the Big 
Bloom Salt Works. The brine was evaporated in iron kettles, 31 in 
number, each holding 90 gallons (see illustration). Beef’s blood was 
the clarifying agent, and in other respects the process was similar to 
that of the pioneer days of the salt industry. The capacity of the plant 
was reported at 30 barrels of salt per day. 

When this locality was revisited iv August, 1904, the old plant had 
disappeared, but a new one stood near by. It was operated by the 
Muskingum River Salt and Coal Company, the capacity being 20 barrels 
per day. The plant had two vats, each 60x20x6 feet, and two grainers 
each 16x10x214. The brine is evaporated with live steam, the fuel being 
coal. Beef’s blood is still used as the clarifying agent, this being the 
only plant in Ohio retaining this primitive method. The brine which 
is obtained in the Salt sand is supplied by two wells having depths 
approximating 670 feet. The well heads are about 50 feet above the 
Middle Kittanning coal. 

Zanesville is the principal market for the salt, shipment being by 
river. 


Hocking Valley. — In the early days a number of furnaces were in 
operation in this and tributary vallevs. especially that of Sunday ereek. 
Strong brines were found from 450 to 500 feet below the Middle Kit- 
tanning coal. As late as 1377 salt was made at McCuneville on the 
Shawnee branch of the Baltimore and Ohio railroad. and at Salina on 
the Hocking canal.! 


Guernsey County. — In early days a number of salt furnaces ex- 
isted in this county. but the quantity of salt produced was always small, 
and was consumed almost wholly in the adjacent territory. As late as 
1887 one furnace was in operation. This was located about eight miles 
north of Cambridge, and was constructed in 1859. The capacity of the 
plant was less than ten barrels per day. The brine, having a density 
of 5 B. was supplied by a well 459 feet in depth. The works were 
abandoned about 1800. 

IV. MEIGS COUNTY 

Early History. — Meigs county is by far the most important salt 

producer in southeastern Ohio. In fact, it is probable that it has pro- 
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industry in New York and Michigan, and later in northeastern Ohio. 
These centers are relatively at a disadvantage so far as fuel is concerned, 
‚but this is more than offset by the saturated brine. So cheap is salt 
now made that only those plants most favorably situated survive. Every 
furnace in southeastern Ohio, except five at Pomeroy and vicinity, and 
one at Durant, has closed, and the near future may find the number still 
smaller. 

The one cause for this decline has been the drop in the price of 
salt. About the close of the Civil War this salt sold for $2.50 per 
barrel.t. In July, 1897, it sold for 47 cents. and has been marketed in 
small lots for 40 cents. This price included a barrel, the manufacture 
of which cost about 25 cents. In other words, 280 pounds of salt have 
sold for 15 cents. In July, 1903, the price was 65 cents, and in Sep- 
tember, 1905, 70 cents. 

A new factor appeared in 1899; this was the United Salt Com- 
pany, or as it was popularly known, the ‘‘Salt Trust.’’ It closed one 
or two plants and arranged to take the production of the others (with 
one exception) at an agreed price. The result was a marked advance, 
salt commanding $1.10 per barrel in the closing months of 1900. In 
the opening of 1901 the trust went into the hands of a receiver and the 
artificial price fell. By May, 1902, salt had dropped to 58 cents per 
barrel. 

Much of the salt made in this loeality during the last 25 years has 
been sold to J. B. Speed and Company, who shipped it in barges to 
Louisville, repacked and marketed it. After the collapse of the United 
Salt Company, the Pomeroy Salt Association was formed. This is 
merely a selling agency. The principal market for the Pomeroy salt. is 
in the Lower Ohio and Mississippi valleys. 


By-Products. — Were it not for the by-products, not a pound of 
salt would now be produced in this territory. It is claimed, and seems 
true, that the salt alone is made at a financial loss, but the bromine and 
ealeium chloride have vielded sufficient returns to keep a small number 
of furnaces active. | 

Bromine was first made in this locality in 1868 at the Dabney salt 
works. long since abandoned.? The industry flourished from the start 
and soon made Pomeroy the best known bromine center in the United 
States. It is claimed that at one time the material commanded $10 per 
pound. By 1887 it had dropped to 33 cents, was selling at 22 cents in 
July. 1903. and about 15 cents in September, 1905. The principal cause 
of the decline has been the large vield of the Michigan salt fields. With 
the decline in the salt industry at Pomeroy there has been, of course, a 
proportional deerease in the output of bromine. 
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Figure 4. — Bromine Plant at Pomeroy. 
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The writer has been unable to learn the date of the beginning of 
the calcium chloride industry in this territory. Mr. W. J. Root reports 
a large production in 1888, and hence the start antedates that period.’ 
The earliest vear that the writer has heard mentioned is 1884, but the 
beginning seems to have antedated that period. 


Existing Furnaces. — Koehler’s Excelsior Salt Works are located 
in the east end of Pomeroy where they were established in 1860. Since 
that time the furnace has been in operation, with the exception of short 
periods when closed for repairs. In 1384 the works came into the posses- 
sion of B. Koehler, and are still owned and operated by members of his 
family. The plant has a daily capacity of 280 barrels of salt. Two 
bromine stills are operated, but the bittern waters containing the calcium 
chloride are sold to the Eureka Calcium Works, located on an adjacent 
lot. Four wells having depths ranging from 1.100 to 1.200 feet supply 
the brine. The wells were cased part way, when they were drilled, and 
this still remains in part in them. Three inch tubing is used in pumping. 
The company counts on one pound of bromine to two barrels of salt. 
On the average 40 people are emploved. 

The Buckeye Salt Company was established in 1865 and has been 
in operation ever since with occasional periods of enforced idleness for 
repairs. Mr. Charles MeQuigg, the manager of the company, places the 
capacity of the plant at 350 barrels per day. Five wells are required to 
supply the necessary brine. The wells have depths ranging from 1.089 
to 1.590 feet, the latter reaching the Berea grit. Like the Excelsior. the 
Buckeye Company disposes of its bittern waters to the Eureka Caleium 
Works. Fifty-five pounds of bromine are reported from 100 barrels of 
salt. The company mines its own coal, thus securing fuel at the mini- 
mum expense. In all 80 people are employed. 

The Coal Ridge furnaces, located in the extreme east end of Pom- 
erov. were chartered in 1852. and began making salt two years later. 
The production ranges usually from 200 to 250 barrels per day. For 
fuel, run of mine coal is used, the company doing its own mining. Bro- 
mine and caleium plants are maintained. so that the company makes the 
most of the by-products. 

The Pomeroy Salt Works are located near the western limits of 
Pomeroy, and were constructed about 1852. The eompanv still exhibits 
a diploma for the best barrel of salt displayed at the state fair in 1855. 
Brine is supplied by three wells, ranging from 1.000 to 1.100 feet in 
depth. Bromine and calcium plants are maintained. The production of 
salt is about 225 barrels per day. 

The Syracuse Salt. Bromine and Caleium Works began making salt 
in 18568. In 1904 the plant was practically rebuilt. The four wells are 
about 1.300 feet deep, the well heads starting 95 feet above the Pomeroy 
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in them. Salt formed in this place has a light red color, due to the 
presence of a small quantity of iron, and is known in the market as red 
salt. It is used for glazing clay-wares. The salt is taken from these 
‘settlers once a vear. 

Each settler contains sufficient brine to supply the plant twenty- 
four hours. While the brine is collecting in one it is running from the 
-other into the grainers. 

The latter, seven in number, resemble the draw settlers, but are 
shallower, measuring only about two feet in depth. Each grainer is 
‘traversed lengthwise by three copper steam pipes. The evaporation is 
completed in the grainers. the salt accumulating on the bottom; the 
bittern waters. containing the bromine and caleium chloride, remaining 
suspended over the salt. 

This company makes three grades of salt, of No. 1 quality — fine, 
medium and eoarse. The formation of crystals requires time; hence the 
lower the heat and slower the evaporation, the larger the salt grains. 
Production of small crystals or grains is aided by the addition of a small 
-quantity of tallow or butter to the brine in the grainers. This forms a 
film on the brine, preventing the formation of thin sheets of salt on the 
surface and thus checking the evaporation. The result is a finer grained 
salt than when the grease is not used. 

The salt is lifted by hand shovels from the grainers once each day 
and piled on boards which extend lengthwise over the middle of the 
erainers. After drying in this position over night, the salt is hauled in 
Wheelbarrows to the salt house where drying is continued for approxi- 
mately a week. The salt is then barreled and marketed. 

The salt in the first six grainers :s of No. 1 quality; that in the sev- 
enth is inferior, owing to the presence of some of the constituents of 
‘the bittern waters; and is sold for glazing and fertilizing purposes. 





The Buckeye Salt Company, — This company has shown a com- 
inendable spirit by endeavering to improve the process of salt) manu- 
facture. These efforts have required the expenditure of both time and 
money and have not always been successful. Tlowever, the results are 
on the whole favorable. Mr. Edward MeQuigg is the manaver of this 
company, and to him belongs the credit for the improvements. 

When this plant was visited in July, 1903, furnace steam was used 
in the settlers only. Boilers supplied live steam for the grainers. the 
pressure in the former ranging from 40 to 60 pounds, and in the grainers 
about 20 pounds. Fresh water only was used in the boilers. The erain- 
ers were filled at intervals of twelve hours. but the salt was lifted or 
shoveled from them once only in twenty-four hours. As would be ex- 
pected, the grainers with their higher heat produeed a much larger body 
of salt per day than those heated by steam from the furnace, though the 
‘expense of the boilers and additional fuel offset the increased production 
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First the brine will be lifted from the wells by compressed air and 
then run through crushed rock filters. From these the brine will be 
conveyed into an “‘evaporator’’ consisting of an iron cylinder containing 
steam coils. Here it will be boiled and then run into settlers and finally 
into the grainers. The steam will be conducted from the ‘‘evaporator’’ 
to the settlers and perhaps also to the grainers. The steam pressure in 
the ‘‘evaporator’’ will be low, not much more than is found in existing 
furnaces. 

Two, perhaps three, settlers will be used, each measuring 176x12x2 
feet. The grainers will measure 140x12x21/, feet. four or five being 
used. These will be equipped with self-rakes. 

The grainers and settlers are all lined with two inch layers of sand- 
stone obtained from the Rarden quarries near Portsmouth. Cotton is 
. used for packing the joints in the settlers and grainers. 

Calcium and bromine plants will be operated. It is expected that 
the plant will make 200 barrels of salt per day. beginning in January, 
1906. 


The Manufacture of Bromine. — After the salt has been removed 
from the grainers, the remaining liquid known as bittern and having a 
density of from 35° to 40° B., is run into a tank where it settles. It is 
then conducted to a still, the body of which is made of sandstone. 

The bittern and chemicals are poured into the still through a funnel- 
shaped opening in the top. and withdrawn from the still by a small 
opening in the bottom, after the bromine has been removed. Steam is 
blown into the still by a small opening in the bottom, producing a tem- 
perature reported at about 180° F.. 

The condenser is simply a rectangular box about five feet long. 
through which pass three lead pipes extending from the still at one end 
to the bottle which collects the bromine at the other. Cold water is 
kept running through the box. condensing the bromine. 

The bromine exists in the bittern as magnesium bromide (MgBr,). 
comprising about one-half of one per cent. of the mass. After bittern 
has been run into the still and steam turned in, sulphuric acid (1I,SO,) 
is added, the proportion being one pound of the latter to twenty gallons 
of the former. This is followed by the addition of potassium chlorate 
(KCIO,), the ratio being one pound to sixty gallons of bittern. 

The following reaction takes place in the still: 

3MgBr,+KC10,+3H.S0O,=6Br +KC1+3MgSO, +3H.0. 

The bromine escapes as a gas. but is changed to a liquid in the 
condenser. 

Formerly manganese dioxide (MnO,) was used in place of the potas- 
sium chlorate, the change resulting from the lower cost of the latter. 


— 
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It is seen that the brine found in the Berea is much denser than 
that found in overlying rocks. The quantity, however, was small, and 
the well is pumped from the horizon of the ‘‘Big Salt sand.’ This 
vompany has five wells, the depths varying from 1,089 to 1.590 feet, 
the latter penetrating the Berea. The Excelsior Company has four wells 
whose depths range from 1,100 to 1,200. Wells drilled farther east are 
deeper, since the rocks dip in that direction. 

When drilling first began in this territory, the water is said to 
have risen nearly to the well heads. and in some cases actually over- 
flowed. As pumping progressed the reservoirs of brine were lowered, 
and at the same time the tubing was extended deeper into the wells. 
In this manner the tubing followed the brine in its descent. 

For many years the Excelsior works have pumped from the 730 
foot level. The brine is said to rise slightly when the wells in the 
neighboring plant are not in action. 

The density of the brine increases in the direction of the dip of the 
rocks; that is, to the southeast. 


This is shown by the following data: 
Density Tempera- 


of brine. ture of 

brine. 
Pomeroy Salt Works, west end of Pomeroy.................. 8 RB. 6114° F. 
Koehler's Excelsior Salt Works, east end of Pomeroy.......... 814° B. 63° FF. 
Syracuse Salt, Bromine and Caleium Works.................. 1014° B. 6214? F. 


The variation in density is due to the heavier brines seeking the 
lower level. The variations in temperature result in part from the 
different conditions under which the measurements were made, it not 
being possible in all cases to ascertain the temperature directly at the 
well head. The variation is due also in part to the greater depth of the 
wells to the southeast. 

The quantity of brine that has been taken from these rocks is enor- 
mous, much more than the rocks could at any one time contain. This 
reat excess has doubtless been derived from surrounding territory. The 
brine bearing strata dip towards Pomeroy from the northwest. As the 
brine has been pumped from the wells. the supplv has been renewed 
from the rocks lying at a higher level. 

Doubtless the brine was once a part of the ocean. As the sand or 
vravel, now composing the salt bearing rocks. was deposited on the ocean 
floor. sea water filled the spaces between the grains and pebbles and 
has since remained in that position. 

The composition of sea water, aecording to Dittmar, is as follows: 


Pf 6) ER 71.1758 
I 9 6 ee 10.878 
MgSO, 2.22 Co. nen ee eee teen een ene 4.737 
Br} 1 0 PR 3.600 
| 2 | 0 PER 2.465 
MgBr, 2.0.2... eee ee nee eens 0.217 
CaCO, occ cece cc ccccuccccucucueuee sueeeueees 0.345 
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Root’s results of 1888 are given together with the present analysis which 
has been recalculated as percentages of the total. 


Analysis Analysis 

of 1106. of 1888. 
Specific gravity ............ een 1.075 1.071 
Sodium chloride ................ 00020 nn 80.134 79.273 
Caleium chloride ................00008- 13.633 14.397 
Magnesium chloride .................... 53.314 6.097 
Magnesium bromide .........2 2222002... 0.147 0.097 
Sodium iodide ............... cece eee 0.004 0.012 
Silica oo... ce ccc cee eee ee eee 0.079 0.043 
Iron and aluminum oxides............... 0.011 0.082 
Potassium chloride ................0005 0.108 = ..... 
Strontium chloride ..................22- 0.244 1... 
Barium chloride ...............00 00 en 0.326  ..... 


The absence of sulphates from the southern Ohio brines has been 
noted as remarkable, distinguishing them from others. This is now 
easily explained in light of the barium salt which thev carry. Any 
sulphates would long since have been precipitated. 


V. NORTHEASTERN OHIO 


The salt industry in northeastern Ohio is of recent origin, but the 
development has been such that the quantity of salt produced greatly 
exceeds that in the southeastern part of the state. In fact were it not 
for the territory now under consideration Ohio would not rank as an 
important salt producer. 

The industry began at Newberg about 1889, and has extended to 
Cleveland, Kenmore (near Akron), Wadsworth and Rittman. The 
growth has been rapid and seems capable of almost indefinite expansion. 


The)Wadsworth Salt Company.—This plant is the result of drilling 
for oil. About the year 1886 an experienced oil driller from Pennsyl- 
vania chanced to pass through Wadsworth on the Erie railroad. Just 
west of the village he noticed, as he rode by, a rock exposure which he 
thought indicated deposits of oil below. After reaching his home he 
took up the matter by correspondence with the postmaster of Wads- 
worth. Later he came to the village, and raised by popular subscription 
‘sufficient funds to drill a well. Before the test was begun 15.000 acres 
‘of land were leased. 

The driller expected to find oil at a depth similar to that at Wash- 
ington, Pennsylvania. Work was begun about 1889 and progressed 
‘slowly, so that more than a year elapsed before the depth of 3.200 feet 
was reached. The only fuel found was a small flow of gas, but at a 
‘depth between 2,400 and 2.500 feet rock-salt was penetrated. The well 
was abandoned. 

The disclosure of the drill naturally started discussion among eiti- 
zens of the community and others interested in the salt industry. This 
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Figure 9. --- Exterior View of a Modern Salt Works at Wadsworth. 
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resulted in 1891 in the organization of a salt company. Two years 
later the organization was incorporated, the capital stock being $100,000. 

The company secures its brine from two wells; the first was com- 
pleted early in 1892, and is 2,707 feet deep, the second was finished in 
1898, being 2,685 feet deep. No logs of these wells were secured, but 
the manager of the company, Mr. F. W. Boyer, reports that four beds 
of rock-salt having an aggregate thickness of 140 feet were found. and 
below these a honeycomb limestone 100 feet in thickness containing salt 
in the cavities. The manager states that salt is taken from the higher 
two beds only. 

The rock-salt is dissolved by water which is supplied by wells, 18 
in number, and about 100 feet in depth. A continuous stream of fresh 
water is run into the wells. The salt beds uniting the two wells have 
been dissolved in places, and in consequence the two are connected by a 
subterranean channel. 

From the wells the brine, saturated or nearly so, is forced into a 
large reservoir from which it is run into the vacuum pans. 


The Vacuum Pans. —The company uses the vacuum process en- 
tirely. Two vacuum pans are used, each forty feet high and ten feet in 
diameter. Each pan contains 800 evaporating tubes. two and one-half 
inches in diameter and about four feet in length. In the center of this 
group of tubes is a large one, twenty-four inches in diameter and about 
six feet in length. 

Heat in the pans is supplied by steam of three grades, (1) exhaust; 
(2) low pressure, from thirty-five to forty pounds; and (3) high pres- 
sure, from 125 to 140 pounds to the square inch. The object of using 
varving temperatures is to obtain salt having the desired grain. As has 
already been stated. the more rapid the evaporation the finer the salt. 
A temperature of approximately 135° F. is most commonly maintained 
in the pans. 

The vacuum in the pans is usually twenty-five inches, and is main- 
tained by an air pump and by the condensation of steam produced by 
the evaporation of the brine. 


Drying, Screening and Marketing. --The salt is removed from the 
evaporators by buckets attached to endless chains and deposited in 
wooden bins where it dries from two to four hours. From this place 
the salt is removed in hand carts to the warehouse where it dries from 
thirty to ninetv days, depending chiefly on the demand for salt. 

Sometimes a small quantity of salt is taken directly from the ware- 
house and marketed. By far the greater quantity. however. is removed 
in hand carts to the drying department. 

The driers consist of revolving metal kilns. thirty-four feet in length 
and six feet in diameter. The kilns he nearly horizontal. one end being 
slightly elevated so that on rotating the salt will slowly creep from the 
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higher end to the lower. Heat in the kilns is maintainel by steam, and 
the drying is further promoted by hot air blown through the kilns. 
About twenty-five minutes are required for salt to pass through the drier. 

After having been dried the salt 1s carried to the top floor where it 
is screened and then conveyed to the storage bins. From these the salt 
is packed and marketed. The refuse material resulting from screening 
is sold for making ice cream and other purposes not requiring a pure salt. 

The plant has a capacity of 1,200 barrels of salt per day. and fur- 
rishes employment when working in full for 150 people, men, women 
and boys. 


Ohio Salt Company. — This plant is located at Rittman in the 
northeast corner of Wayne county. The company was incorporated in 
March, 1898, with a capital stock of $250,000. The first salt was made 
in the autumn of that year, and for the ensuing twelve months the aver- 
age daily production was 600 barrels. From time to time the eapaeitv 
of the plant has been inereased. In July, 1903, it was 1,500 barrels, and 
in May. 1905, 2,000 barrels 

The company has four wells each approximating 2,625 feet in depth. 
Two of these are only 100 feet apart. but the other two are 600 feet 
from each other and from the first two. <A skeleton record of two of 
these wells is given below. 


WELL NO. 1. 








1: Ge ER . 40 
Quicksand and gravel.................0 ee eee Ree eee ee eee eens 133 
Gray sandstone (Berea) ......... 0... ccc cece ee eee eee ee eee 20 
Black shale ................ 1007 
Red shale ................. 50 
Bedford and Ohio shales.......... Slate and shells............. 250 
Brown shale ............... 535 
Limestone ................. 268 
Corniferous and Monroe formations ? Gray sandstone.............. 30 
Shelly limestones ........... 225 
Salina formation ................ Rock-salt .......2 222222200. 66 
Total .........0.....008. 2624 ° 
WELL NO. 3. 
eet 
DDD Bo 171 
Cased out fresh water at... onen cece 240 
Struck mineral water at... 0.0.0.0... ee ee eee eee ee eee eee 2°72 
Cased this out Aloe oc ernennen nn 2324 
( Rocksalt at 2513 feet....... 6 
Limestone ................. 25 
Rock-salt ....2.2 22222222... 30 
Salina formation ......0.......... 4 Limestone ............0000. a 
| Rock-salt ...........0..008. 35 
| White slate ............... 30 
| Limestone ..............00. 7 
Total depth ............ 2651 


Fresh water is pumped into the wells, and brine saturated or nearly 
so lifted from them. The wells only 100 feet apart have already had 
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Located about 300 feet from the plant under consideration are the 
works of the Ohio Box Board Company. This company obtains its 
-electrical power from the salt works and furnishes the latter with 
-exhaust steam. This is used in the vacuum pans and to a smaller extent 
“in the grainers. Some live steam also is used. 

Grainer salt commands a higher price than the vacuum, the differ. 
ence amounting to about ten cents per barrel. 

The company reports that it uses neither alum, lime, soda, nor 
-anything else in the brine. 


Fuel. —The company owns and operates its own mines. These are 
located some miles distant, but nevertheless furnish the necessary fuel 
at the lowest expense. 


Market for Salt. —No traveling salesmen are emploved. Among 
the heavy consumers may be mentioned H. J. Heinz and Company and 
The National Biscuit Company. Large quantities are shipped to various 
parts of the United States and Canada. Dirty salt is sold for fertilizing, 
glazing. melting ice on car tracks, etc. 


The Union Salt Company.—This company succeeded the United 
Salt Company, which controlled the pioneer plants in northeastern Ohiv. 
These were first, in point of time, the plant at Newberg. This was a 
direct result of drilling for gas for a Cleveland rolling mill. The sand 
pump brought glassy particles that proved to be rock-salt, and the von- 
‘struction of the furnace was soon begun. 

On account of the unusual interest in this pioneer record, the drill- 
er's log. as interpreted by Dr. Edward Orton, is given below :' 


Thickness 
of forma- Total 
tion depth 
fect. feet. 
|) ob oe a 40 40 
‘Ohio and Bedford shales. ......0 00.0.0. 0c cc ee ce eee eee ran 1310 1350 
Limestone ............... 310 1660 
Cornifercus and Monroe formations....{ Sand eontaining lime...... 40 1700 
| Limestone ............... 290 1990 
Rock-salt and shale....... 164 2154 
Shale ...............0... 15 2169 
Limestone ............... X1 2250 
Rock-salt ......2.22.222... 50 2300 
Shale, blue ...... 22222... 40 2340 
Sand o.oo... 0... cee ee eee 2) 25600 
Salina formation. 2.2 co ocean Shale .............. 200. 18 9378 
| Limestone ........22.2.2.... 22 2400 
| Roek-salt) 2.0.2... 2... 20 2420 
| Shale .... 0.0... eee, 10 2430 
Limestone .............0. 40 2470 
Rock-salt ......2 222222... ) 2475 
Shale ....0..........00.. 8 2483 
( Limestone ............... 167 2650 
JOU sand ooo... eee... 8 2658 
Niagara formation... ...............004. ) Limestone .............-. 22 2680 
(Oil sand ........ 0. .0.0-. 6 2686 


‘Clinton formation. ...........0..0.000004 Limestone 


' Geol, Sur. of Ohio. vol. VI, p. 352. 


Sct eee eee ee 64 2750 
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Later, drilling was continued through ‘‘limestones of the same gen- 
eral character’’ to a depth approximating 3,000 feet, when the tools be- 
came fast and work of necessity ceased. 

Chemical analyses have been made from drillings taken at several 
horizons. These show that the shales associated with the rock-salt con- 
sist largely of calcium sulphate, and that the top of the Niagara is 
‘strongly magnesian and the lower part almost a pure dolomite. 

The grainer precess alone was used in making salt. The plant 
ceased work in the fall of 1902 and was dismantled in 1905. Its capacity 
was 700 barrels per day. 

The only plant of this company in operation in 1905 was the one 
located on the lake front at the foot of Madison street. This began 
making salt about 1890. The brine is supplied by five wells having 
‘depths approximating 2,000 feet. 

Following is the log of well No. 4, drilled in 1893: 


Sand ...........0000. 15 ft 
Quicksand ........... 6 
Blue clay ............ 129 
Drift 2.0... ce eee ee ee beeen eens Sand and clay........ 9 267 ft. 
Quicksand ........... 76 
Sand and gravel...... 6 
Gravel and clay....... 26 
316 ft. of 10-in. casing, 
Shales (Ohio) 2... 0... cc ccc ec cc cee cee tte e eee ents tees 123 723 
379 ft. of 814-in. casing. 
Limestone ........... 390 
White sandstone ..... 33 
‘Corniferous, Monroe and Niagara Limestone ........... 11 715 
formations .... | White sandstone ..... 16 [ 
Limestone ........... 315 
| Limestone and rock salt 10 
Rock-salt ............ 16 
| Timestone ernennen 16 
| Rock-salt ............ 19 
Limestone ........... 4 
Salina formation ......0.....0.. 0.00000 Rock-salt ............ 59 229 
Limestone ........... 21 
Rock-salt ............ 37 
| Limestone ........... 4 
| Rock-salt ............ 37 
(Slate ............... 16 


Total depth (steel line meas.) 2006} ft. 


A “‘heavy’’ flow of gas was reported at 150 fect; water’ at 159 and 
235 feet. and a ‘‘light*’ flow of gas at 242 and 306 feet. 

Both live and exhaust steam is used in the vacuum pans. In some 
grainers live steam is used, in others exhaust steam. The fuel is partly 
run of mine and partly slack coal. 

The company manufactures the barrels and bags used in marketing 
the salt. 

When the plant is runnjn iw full it produces about 1,800 barrels 
‘of salt per day. . 

The third plant of the In Icon Salt Company is located at the foot 
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of Marquette street. Thus far (1905) it has never been in successful 
operation. 

An effort has been made here to introduce an entirely new method 
In salt manufacture in Ohio. The plan consisted essentially of heating 
the brine and then forcing it into a spray. Through the latter hot air 
was forced. This was expected to carry away the water, the salt collect- 
ing below. The plan was unsuccessful. 

The company expects to remodel this plant and start it in opera- 
tion in the near future. While the proposed plan is new to Ohio it is 
not new to the country, being reported to have been successfully tried 
in Michigan. 

The brine will be heated to a temperature of about 230° F. and 
then run into grainers. It will move slowly in these from one end to the 
other depositing salt all the while. Since the brine in the higher end of 
the grainer is hottest, it will deposit the finest grained salt. The salt 
will gradually become coarser toward the lower end of the grainer. 

The brine in the grainers from which the salt is not deposited will 
be conveyed to other grainers for making coarser salt or forced back to 
the heaters and then returned again to the grainers as before. 

In this work two larger grainers, each about 80x40x2 feet, will be 
used. These, however, will be connected with others for making coarser 
salt. 

All will be equipped with self-rakes for removing the salt. 

The points claimed for this system, which has just been outlined, 
are: 

It will be automatic and continuous. 

It will largely reduce the labor. 

It will abolish the present necessity of piping the grainers. 
It will require less fuel. ) 

The company’s market extends from the Atlantic to the Mississippi 
river, and as far south as Alabama. 


mew WP 


The Cleveland Salt Company.—This company was organized in 
1897, and began making salt in 1900. The plant is located at the corner 
of Second and Central avenues. 

Brine is supplied by three wells, each approximating 1,950 feet in 
depth. The following skeleton record of well No. 2 shows the position: 
and thickness of the salt beds: 


Shales and limestone. .......... 0.00 cece rece ccees 1821 ft. 
Rock-salt 222222 cc ee ee ee eee ere ren ene 10 
Limestone ....: com core eee eee eee teens 5 
Rock-salt 2.2... cc ee ce te ete ee eee e eee 5 
Limestone ...: 22: ce ee cc ce ee nenne ner en en 9 
Rock-salt .. 0.0.0.0. ce ce ce cee ee eee ee eee ees 10 
Limestone 2.0... cc ee en eee eee nee eens 2 
Rock-salt 2... 00. ccc ee ce eee ee eee wees 72 
Limestone ........ 0... cee ee ee ee ee eee eee eee 2 


Total depth 2.2... 0... 6... ce eee eee eee 1952 ft. 
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The company uses the vacuum and grainer methods in making the 
salt. The two vacuum pans each measure fifteen feet in diameter, and 
each has a capacity of 150 tons of salt per day. A temperature of 125° 
I’. is reported in the pans, and a vacuum of twenty-five or twenty-six 
inches. As elsewhere gypsum eauses trouble. It accumulates in the 
tubes of the pans and has to be bored out every other day. 

Three of the four grainers are equipped with self-rakes. The fourth 
is used to make a coarse salt, and has a capacity of about five and one- 
half tons per day. 

The brines in the pans and grainers are heated by exhaust steam 
obtained from the Cleveland Electric Railway Company and from the 
company’s own boilers. It is claimed that this is much less expensive 
than using live steam entirely. The brines are not treated with chem- 
ieals of any kind. 

That part of the grainer salt prepared for domestic use is screened 
and dried, the methods being similar to those already described. 

The company employs from forty to sixty people. It does not 
manufacture the barrels used. 

The company’s market extends from the Atlantic to the Mississippi 
river, and as far south as Alabama. 

The capacity of the plant is given at 90,000 tons of salt per year. 


The Colonial Salt Company.---This company was incorporated 
under the laws of New Jersey in February. 1901, with paid-up capital 
of $350,000. 

The works are lovated at Kenmore, between Akron and Barberton, 
in Summit county. The writer was not permitted to enter the works, 
and hence this report is not as complete as it would otherwise have been. 

Brine is supplied by six wells, having a depth approximating 2,800 
feet. Below is a log of one of these: 





Drift 2... cc ce cee ee ee none een nenn 115 ft. 
(Water at 110 feet). 

Slate and shells.... 0... 0.0.00... ee ce eee eee eee 1943 

Limestone . oo... cece ee ee eee cee ee eats ens 694 
(Water at 2398 and 2465 feet). 

Ne 1 | 7 

Limestone oo... 0. ce ce en nenne rer 4 

Salt i... 0 cc ce ee cc we een ee eee eee eeeees 37 

Limestone 2.0.0... ee eee ee ec ee eee eee an wees 22 

a 1 1 30 

Limestone oo... onen rer ernennen 4 
Total depth „2.2.2.2. 222222 cece ee eee eee 2856 ft. 


The rock-salt is dissolved by water from wells 150 feet in depth. In 
the evaporation of the brine both vacuum pans and grainers are used. 
No attempt is made to precipitate the gypsum which the brine contains 

The two vacuum pans are said to measure seventeen feet in diam- 
eter and to have 2,000 tubes. The heat used is by the double effect 
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method. Live steam is used in the first pan, and the steam formed im 


this pan is conducted to the second one. A vacuum of fifteen inches is. 


used in the first and from twenty-five to twenty-eight inches in the 
second pan. 

Fourteen grainers are used. Eight are supplied with self-rakes, and 
in the remaining ones the salt is removed with shovels by hand. Evap- 
oration in the eight just referred to is produced by live steam, and the 
latter, having passed through these grainers, is conducted to the remain- 
ing six, supplying heat to them. It follows that the last grainers re- 
ferred to produce coarser salt than those supplied with live steam. 

The company claims to produce by all methods about 400 tons of 
salt per day. The salt finds a market in the Central States, New 
England, South, and to some extent in the far West. 


Chemical Examinations.-—A sample of brine from the wells of the 
Union Salt Company, Cleveland, gave the following results: 


Grains per 
Grams per U S. gal- 


iter lon of 
of brine. brine 
Silica 2... ee ee ernennen 0.000 0.00 
Iron and aluminum oxide3............. 0.000 0.00 
Caleium chloride ............... 000085 1.033 60.28 
Caleium sulphate .................... 4.857 283.40 
Magnesium chloride .................. 0.462 26.80 
Strontium chloride .................. 0.089 5.16 
Barium ehloride ........0........ 0008 0.000 0.00 
» Sodium chloridc .........2.. ce eee cee 310.977 18161.00 
Potassium chloride ......... ........ 0.713 41.35 
Sodium iodide ............. 0.000 eee 0.000 0.00 
Magnesium bromide .................. 0.012 0.70 
Lithium salts .........0...... 000. eee Trace Trace 
Specific gravity ...............000. 1.204 


Recaleulated in more familiar units, the brine was found to contain 
2.59 pounds of salt per gallon. That at Pomeroy, as already stated, has 
only 0.70 pound of salt per gallon. 

The following analyses show the composition of the salt made in 
northeastern Ohio. The samples tested were all made by the vacuum 
pan process, except No. 5 which is a grainer salt. 


Number. l 2 3 4 3 
Moisture ............. 0.52 0.57 0.37 0.39 1.22 
Sodium chloride ...... 98.09 97.61 98.81 98.33 97.91 
Caleium sulphate ..... 1.19 1.70 0.68 1.02 0.68 
Calcium chloride ...... 0.20 0.12 0.14 0.26 0.08 
Magnesium chloride ... 0.00 0.00 0.00 0.00 0.07 
Silica, iron and alum- 

inum oxides ........ 0.00 0.00 0.00 0.00 0.04 


1. ‘‘Chippewa Salt,’’ Ohio Salt Co., Rittman. 

2. “Standard Granocrystal.’’ Wadsworth Salt Co., Wadsworth. 
3. ‘*Buckeve,’’ Union Salt Co., Cleveland. 

4. “Quality and Quantity,’’ Union Salt Co., Cleveland. 

5. “No. 1 Common Fine,’’ Union Salt Co., Cleveland. 
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Limits of the Field.—The salt producing area in northeastern 
Ohio is large, but not unlimited in extent. Thus far the furnaces are 
restricted to four counties — Cuyahoga, Summit, Medina and Wayne. 
IIowever, the salt deposits are not limited to this territory. That the 
beds in question extend farther east is shown by the following record of 
the Hadsell well near Cortland, in the eastern part of Trumbull county : 


Depth of Total 
formation depth 


feet. feet. 
Drift 2... cc ce cee cc eee eee ee tee ee eet eee eee ensues 0 
Shale .. 0.0... 0. ccc cc ccc cee ete eas rennen nen 60 100 
Berea grit 2.0... ce ee ee ee tee eee eee eee eee nes 160 260 
Bedford and Ohio shales............... 0. cece eee eee ee ee nennen 2396 2656. 
Corniferous and Monroe limestones.............. 0000 ce cee ee eee 583 3239 
Rock-salt ......... 12 ft. 
liimestone ........ 9) 
Rock-salt ......... 2 
Limestone ........ 3 
Rock-salt ......... 10 
Limestone ........ 49 
Rock-salt ......... 29 
Limestone ........ 10 
Roek-salt ......... 52 
Salina formation ..................... White shale ....... 18 471 3710: 
Limestone ........ 36 
Rock-salt ......... 10 
Limestone ........ 50 
White shale ...... 15 
Rock-salt ......... 30 
Limestone ........ 10 . 
Rock-salt ......... 3 
White shale ...... 90 
Limestone ........ 5 
| Blue shale ....... 32 
Total depth ... 3710° 


It mav be noted that this record shows 148 feet of rock-salt. If 
the alternating strata of limestone are similar to those farther west in 
baving many large holes filled with salt, then the total quantity is much 
in excess of the 148 feet. The record shows that the salt strata extend 
to the eastern limits of the state. 

To the south the limit of the salt deposits has not been determined. 
This follows from the fact that the strata dip to the south and east, and 
hence the salt horizon lies so deep that it has not been reached by the 
drill. 

Westward the limit has not been determined. It cannot extend as- 
far as Sandusky, however, as the following record shows :! 


Drift ... 0... cc ee wee eee cece eee eeeees 10 ft. 
Corniferous limestone ............. 0. cc cece cece eee 100 
Monroe and Niagara limestone..................00- 970 
Niagara shale and Clinton formation............... 105 
Medina shale ........... cc cc ccc cee neuen 175 
Cincinnati shale and limestone..................... 500 
Utiea shale ......... 0... cc ccc cece cece ernennen 310 
Trenton limestone at......... 00. cee eee eee cece eee 2210 


1 Geol. Sur. of Ohio, vol. VI, p. 195. 
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The Monroe and Niagara limestones were found to contain numer- 
ous layers of gypsum, fourteen having been noted, but none of salt. 

However, considering the area beneath which salt has been demon- 
strated to exist and the number and thickness of the beds in question 
warrants the conclusion that northeastern Ohio contains enough salt 
to supply the entire country for an indefinite period. 


APPENDIX 


METHODS OF ANALYSIS 


Salts. — From two to three grams were subjected to the conventional 
methods for the determination of silica, oxides of iron and aluminum, 
calcium and magnesium salts. The sulphates were precipitated from 
five gram samples. For the estimation of moisture three grams were 
ignited to constant weight at a dull red heat, the loss in weight being 
ealled the moisture. Sodium chloride was determined by difference. 


Brines.— Silica and iron and aluminum oxides were determined in 
100 eubie centimeter samples. For calcium and magnesium salts fifty 
cubic centimeters were used, the results being corrected for strontium 
and barium. Sodium was determined in a ten eubie centimeter sample 
of the Pomeroy brine and in four cubie centimeters of the one from 
Cleveland. Accuracy of measurement of these small amounts was in- 
sured by diluting a larger portion and taking an aliquot part. Sulphates 
were precipitated from 250 cubic centimeters of the Cleveland brine. 
For strontium from fifty to 100 cubic centimeters were used, the stron- 
tium and ealcium being twice precipitated as oxalate, and after trans- 
formation into nitrates subjected to the ether-aleohol separation. The 
residues of strontium showed neither calcium nor barium on examination 
with the spectroscope. Potassium was estimated in 100 eubie centimeter 
samples after precipitatinz the sodium chloride with hydrochloric acid 
gas. This was readily accomplished in a glass-stoppered washing bottle. 
A blank was tried to determine whether the acid attacked the glass and 
gave negative results. The filtrates from the potassium platinie chloride 
were examined with the spectroscope for lithium. Both brines showed 
traces, the Cleveland brine seeming to have more than the one from 
Pomeroy. Barium was determined by precipitating from 500 eubie 
centimeters with sulphuric acid. The resulting precipitate was fused 
with sodium carbonate, extracted with water and the barium preeipi- 
tated as chromate from the acetic acid solution of the carbonates. 

For bromides and iodides 500 eubie centimenters were treated with 
an excess of sodium carbonate, boiled and filtered. The filtrate was 
evaporated, the salt separating being filtered off from time to time and 
washed with aleohol. In this way the amount of salt was reduced to a 
few grains when the final residue was gently ignited and the resulting 
black mass boiled with water and filtered. This was diluted to about 
200 enbie eentimeters, placed in a flag), together with two eubie centi- 

*4J—Bul. XS. G 
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meters of sulphuric acid and ten cubic centimeters of a ten per cent. 
solution of sodium nitrite and distilled with steam, the iodine evolved 
being received in an ammoniacal solution of hydrazine sulphate from 
which it was precipitated with silver nitrate after acidifying with nitric 
acid. The residual liquid in the flask was made alkaline with caustic 
soda and concentrated to about 50 cubic eentimenters, when it was made 
just acid with sulphuric acid and returned to the distilling flask where 
it was distilled with steam after adding 1.5 grams of potassium perman- 
ganate and ten cubic centimeters of strong acetic acid. The bromine 
evolved was collected and determined as for iodine. 

Repeated trials with the brines and with artificial brines made from 
salt and Columbus city water and containing known amounts of iodides 
and bromides showed that the above methods failed completely in the 
presence of a large excess of sodium chloride. Chlorine invariably dis- 
tilled over, sometimes in large amounts and small amounts of iodine 
were held back. When, however, the bulk of the salt was removed the 
method worked satisfactorily. Distillation with ferrie chloride was also 
tried and this too failed to show any iodine in the Pomeroy brine. 

In the Cleveland brine iodine was not recognized with certainty, 
though it is possible that by taking a larger portion for the analysis it 
could be found. 

In conclusion it might be stated that substances not given in the 
tabulated analyses were not looked for. 








. 
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